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Evaluating Riverbed Improvement by Sediment Wave of Replenished Site
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Synopsis

Although an effect of sediment replenishment below dams depends not only on
sediment volume but also on distance from the replenished point, it has never been
distinguished clearly in the previous studies. We propose a method to evaluate both
effects of the volume and the distance by using a sediment wave model. Results showed
that changes in the riverbed elevation by sediment wave were milder at long range than
at short range from the sediment replenishment site probably because of reduction in the
dispersing wave with distance. Distinguishing the effect of the distance from that of the
volume, this model would be of use for evaluation of riverbed improvement by sediment

replenishment.
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1. [XLC&®IZ

LM BB IRAT D LI HERET 5 2 & T,
ZLDOIEKRENDIE T T 2720 T, Fim~DL
WHHE BRI L, WIROE T3 L ORI L S AT
9% (Erskine, 1985) . Z OEBREEDOZEIL, Wb
INOWL %, FHRIMEOELE b b TIE, WK
WA ET DEEORFER (F)6, 2007) BLO
AL T4 2RI 3 5 IR AEBY O (L8 6, 2003)
&, FRAOEMREIZHEELZRITTRBENLNH S.
ikt L, ATWICER#EEZITY 2L T, ¥4
DIF KRB EOMMRTZT TR L, MR A FHtic it
MEN, WEOK TR X OMBL 22 5508
FFEINTNWD., Zokx, EESDVRVESIT,
BEAE L7k 2R S L9 ISk 35720, i
F~OHFITNEL 0D, —JF, BB BRE LS

A, WAL - BEEL LB L ET T 2 5
FRRSD. 07w, §iF L EE LRMLG R
D OB IR ZEB 2 T3 5 2 &)l
BHICBWTEHEEL WS, HARENTIE, #AiH
OHEFE LW 2 PEH L CTFHICE - L, HEAKREICH T
X+ % (Kantoush et al., 2010) LG F1ED, 4
ETEMBMENTWS. ZOBLOFHICELTY,
BLENDIT T2 LW OEREREZZET D 0LEN
HD,

& 17 b O LW TS kT 2 K O HEW 5 m ok
EATIE, FIREm O FFH T 1 28 FTEE e — R ST IR R
EEHERHNOR 5. BEICE, —FF L (B,
2008) , BLEHX A (RpKD, 2011) F TOMHTH
BIRHY, T OWKREINE, ok (X
(1), HFEJIS, 1988) ICESWTHEIATWS.
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I, 2 KRR (m) , oy ZERREE, B JIME (m)

g, AR & 72 0 O & (m’s) THDH. 2D
W, MAREBRILFICHEMIES 2D O #q, T
REEIND. 72, BELEDORET D q0EERE
B LTI, W 2o EFENHBEIL TS
(F#E 5, 1991, Cuietal, 2005) . L2xL, ZHhb
OFHEBETIEE LD O T F &S U2 R ok
WEBELENSOBBEZIS U ROE N E 2L
Tl T2 2 EBRREETHSH. AN LW OH)
leo>WTIE, T oi (Sediment Wave) | & L
T FHICH 35 2 & ALisle S ORFZEIC L - THafg
SN THY (Lisleetal., 2001) , Z ?Sediment Wave
 Me#k) & HE#) oMAasgbiic Lok L
TW5%. Z?DSediment WaveZz BB T 252 LT, HOD
BMENS TWEICLDRBEOENE, EOHEK T
MOHE NS OB L2 BEOENEZNENT
MTcxreBxrzonsd. 3612, AXiLSediment
WaveDFEAEDFWAREFRETH D Z Lnn, ik
INDTLWENHRTH 5B LSIRICKIZTT R
BT 27200 TFIELE L TCESITHDI EEZDLN
. Ffe, BP0 LM|WAIZ LIRS O
FERERIAL L7z 022 &2 TR 5121, ez Lo
(23 2 R R O Sp E A G O S22 BB T 2
ERDHDH. ZOHEMBEOERIIL, WAT D LERO
RE—=V2FTRLS, bebEbdaBnEmRT D
IROMMOBEICHEL SNDRICEENLET
b5,

2T, AW TIX, & 112 &L b Sediment Wave &
TR OMEWT T 36 L OBRE T M O IR ZE ) & THl5
LHFREERFEL, BT — 22 HWTEORIEEAT
5.

2. TWORTER (Sediment Wave) D=

T T8 &1F, EABRMERE L7225 T
BB EE AR L, [EHy &iF, Eovr—2
BT 25 & RIRFIZHREF S ETFIRICIADN 28X 2K
7" (Lisle et al., 2001) [Fig.1 a, b]. Lisle & I%, Sediment
Waves — K It D AR D = 3L F —RAFHI, Vi) o
feal, RIS 6 <\ OBEHA, Meyer-Peter
and Mieller®O X &M A A DO THH I 5XQ)TH
LTW3 (Lisleetal., 2001) .

o xach [ (24 po] o
"l ox

o RA—y)| ax?  \ox

Z 2T, K : Meyer-Peter and Miieller D #5202 3
SRS (=8) , ¢ BALIEH 720 O & (m¥m/s) |
o BEHRLREL, R, ORI - D/KHILE (=1.65) , F,:
=R, h:KE (m) THD. ERFEy IZo0
T, BEER02~04TH D Z &6 (FEH 5, 2008) |
ABFFETITES L L CTREENE (D, 2015) %

LEI03EBELE. RQTO [6_22} BTS00
ox?

W ERTEHTHY, WO —7 NPT 2 L& R

WD EWT IR T2 2 2K LTS (Figl

a) . ATHIZSediment Wave D FE AT 2> 5 O PEEEIC &
DIKRE OB ENEAINDZ EERLTND.

K@D [(6(1_ Frz)rlhﬂ LB DS R

OoX OX

HTHY, ¥t (F<1) OLBEIETH, i (F>1)

DEET ERICKEDZBEH T 2R L TVD
(Fig.1b) . AR, KIS L VRS DAL

BENEASNDZ EERLTVAS.

5.2 ROE—HOBSELU
ox?  HMTAEAOWH

o (20-r0%

N ‘
(F<1: FHRISER, F>1: ERISER)

Fig.1 Concepts of (a)dispersing wave and
(b)translating wave (Lisle et al., 2001)

3. EXxaM Dt ARIZE TS Sediment
Wave ®ETILIE

3.1 WMEEFTHHLIZDONNT

AW TIE, FHNARNO WY LD T & x5 L
U CTHRGEZIT o 7o, WA S IXMEFN364E 1218 A A3 5
HBENTHOHRSOHERRE L, & AT CiE Lt
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Month 1 ‘ 2 3 ‘ 4 ‘ 5 6 ‘ 7 ‘ 8 9 ‘ 10 ‘ 11 12 ‘ 1 ‘ 2 3
Winter Spring Summer Autumn Winter Spring
Season
Dry season Rainy season Dry season
Sediment placement € > ‘ ‘ ‘ ‘ ‘ < >
Flushing by natural floods *=Occurred several times* -
Measurement of flushed <>
sediment volume il
Bed material survey < >

Fig.2 Annual schedule of sediment addition and field monitoring (In Japan, flooding usually occurs in the
rainy season, and not in the dry season. Sediment addition or monitoring was carried out once during each

period indicated by the arrows.)

MOWA e B XY, WK T L OSSO H
B L2 > T D, 2D, 20034EEE) 5 LbiE
TEFEBLOEWELHROET=F U » JHRAE

LTHEBESNTND., WX 20BLIE, BIEED
VKRB (BER10~3H) ([ZfTbi, TOFEED
B (E4ad4~9A) i F LT\ A[Fig.2].
TR, BHHEFEICH T LE LR (mdyear) 1T,
AR+ U 72 R & 2 O oo FE ok IR A3 4
FHRFHE DELOENSHE L TV H[Fig2].
LT F LR ETR AR DN, EREEEY
HERERD R (79,000m/4E) DFI5~20%IMHN T 5. F
7o, BT % ORI AT, R A
MAEEITH TV S [Fig.2].

MRAEDO R R XL, EESN T3 Z#Z ADE
Tab, Z)NTH D HENE RS DOKI4.0kmE T L
L 7=[Fig.3]. Z ORI TiE, 3 CRIEM B
TN Tk, LLFSt1~St3 ([ErH (Sto) »
H#90.7, 1.8, 2.7km Fiit) & LT, 2003~20134F
W2 D& R OF R & O T W/ & 4T - 72 [Fig.3].

5

| The Ochiai Gauging Station

-

The Nakatsu River

'/é“*\
Zh JN \
[ > & The Arakawa River
The Futase Dam ¥ i

. Sediment replenishment site
) 1:25000

0 500 1000
ez L—1 _Im

Fig.3 Map of the study area in the downstream
reaches of the Futase Dam

3.2 Sediment WaveDEH 5%
#X(2)7> b Sediment wave & H T~ 5 72 DIZ1%, K
TEDg, ¢ F, WERETOIVNERDD. qldii

BLOKHEE»SHEEFETHD (@A) .

_Q 3
a=- (3)

w

2T, QiR (ms) , B, : KK (m) TH
5. StIDFEZE "L A LWHARE X LORFED
o, St3DWiEE "W LTI E T 2 %A 8
WFTORET — & 5k, St203i &L, St.1LSt.3
DIEEIE L Lic. SLOIL WY A DK EN HRO .
TWX LB IO A ESY L OB EILA X L OE
LW Wb o THE. o h, 1
AIEBEH LD ET A EET —Z OHRIEN, 1AD
WA EIRIEEAEER LAV & 2B LT, M
F—H L LCHHALE. £/, BABHUFORET
— XL, KL KET —FX—AnLEHLEZbD
Thb.

KM (St.O~St.3) O/KEEILX, WY L EEAT
DOWET — X b, WiEEwEZ B8 ERELT, £
OEEZKmEE LTHRIHLEZ, 2oLk x, KES
FOERICE > CRE SN DINERE (BFEHE)
ERODVLENDD. 1T UOIT, StIDOKEE EAE
BT OF —Z bR, WIZ, St3OMERIT —
Z bW A SR, KR & FEFEE B L
Z LT, St3miig, KiE, FHWREOLE L &I,
TR T — Z PIRNSLO~St2DKE, i HE, K
g 2 HEE L7z

AT FRRDOX(4) (Wilcock, 1996) 7> H AR KA EHT
8 < Fif Nt (kg/m/sH & K, K(B5)DBIR (Lisle et al.,
1997) MO EH L.
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2
M 4
T_’{m(mh/Dm)J @

7= pCu? )

ZIT, p: KROEE (=1000 kg/m?®) , k: B~
VER (=0.4) , Dy : 84%Fifk (m) THDH. £,
FEUI T RO A(6) (Lisle et al., 2001) 2> HHH L7

F (6)

u
e

3.3 BUMADWEAKRSDHRE

THEA D ITEA B A S50EN KRB L, T
KRIETHBLOBESMEDEFELIEATLTLDEEZ LN
L. ZO7, 2003~2013FF BT, EEAR
WIEATHIMEROE TR Z L EEITF LRV DL
WE L. ZOFREDS &, LLFOFIEIIC X VAR
EOYME (DIHIWRRE) Z#HH L7z, 2 Ui,
s (PE)IA TR ) OWKEz A0l L, WET
—H & H LT StO~St3DzEFRE Lz, WIZ, St0
MO MR EN0E LT, 200454 54 i
DzDOEEBZEAL 2 Q)& WV TER O 2 30 TR
L, SOz EZRE B Lz, FHEOBT,
St.0~St3DzD TRREZ R E L. T OUUHAHE Z IR
DIRTRZ N EHEIT L2 WA DzE LT, &R
DY R & LTz,

3.4 BXICKDAKREDELLDETE
StozEELE T (HENAELOR TR 128
DR m & L, B2 S Lz LR 23 H E 1
Bl L, WRENSEBTHMAE L2, LT, it
Wk (1) AW TSLODzO AL % 5
H U7z, B SR NEET Z0ENE, B -
HHRIZX2BEHRFEON (K(7), BF - HE,
2014) ZHWT, BLD10%kETH H2mmbl Lo
KIENBENT B0 E 5 THE L.

25
T
Dyi =| =t )
(O.O45RSgD§66 j

Z T, Dy BEIBRBAKAEE (m) , Dsy: 50%RIEE
(m) THD. 2FY, D, Z2mmD & X[ M F
ETHb0L L7z, LT, SLOOFKRILE L % K
T DR T & BE B AT DR ANRTE L7 R AR &R
TE L, StODDs k& ook MR X OE L
HIBILWVSLIDD;y2»LERE L. £, BAWIR

PO LWL, BEEWIRO10%PRICHYSY T2

W7 (E4250 mmPL |) BEK N E S THIE L.

ORI KRB 72 KBS TIRIE & A EF 7

729, StOTIHEICE LD Dg Il LV zD MM AE

ChHZ&ERd. RBWNREAETDHA DglT(8)
(Lisle et al.,, 1997) (ZXk W kD=

®)

B LDz KD D T2DICUERSLOD D lE, Dsy&
FUHETHRELE. 22T, D32 mmBl F %
BIEHELIPLOTWENE LN DL L. &
512, D232 mmPl ECTHELENELICHE T L TE
THISIZA by 7 B 0ES (2004, 2007, 2008,
201148 CTHRAE) 1X, BN AE TR oE L
2. HAESH 720 ORFED RS THELZOA K
v 7 ORI, O ONEERISmEMREL, g,
DERDOBLENA Ny 7B E L ERE L.
&0 4E RS 0stonzL, X 6HH L=

StOIZBIT 2208 %L EO L SIZHEEL, 33T
K W R & (2)2> 5, 2003~20134FEE £ T
DSt1~St3DzEMEICER LB TEL LY
EOWMEKEHOENE L THEH L., £, 2ToH
MTStons D0 BB BEC R o ERELE
BE (BLETDRPo 72 EE LIZBE) DK
O FEH L.

4 BEEMIARRBONMEIMEEET S
A&

AR TIE, 7 —~—b LRI B 23 i &
NEBAEREL, T0OL EOWMEDHE B DL
EIZDWT, W DO DRED b &SI HEE
LHEERETD.

1 U DI, TR BN D gD B — R D 1 THERR &
NTWELERELE. LT, AOEIHOE S O
B, HESOMEE S LI, KR Z FHE
E LT IEROA & E Lz (FF BB, 1992) [Fig.4]
ZOLEOFEFEEKRE L, WEKEELY EorT
TR ST W R BE S TR L, TR 2 18 O T
TENLEE)T 5 L& E LT-[Figd]. 7—~—fb L7z
KD DgolL, 350~450 mmFfEE TH V| ka9 2 MkL
FOREETH 50.016~16 mmiEfFE & L5 L 14—
=L EOREZZHTHOT, WA LRI
BEG R AV AL HERET B L B2 bbb (|
k5, 1994)  Fio, AR OHEREA A U D O
w (BEER) L0 Eo#Esy & RE L, R
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AR Bu(=0) &Y T IZEERICERE

Fig.4 Images about vertical distribution of stones
and sediment on riverbed

4-h 0:25Dg

528 (FX) 0.5D4, A2
L] H ‘
o N et
%A 0.7Dg,

B R#
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OBy o.snﬁojl
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Fig.5 Method of calculating an area of exposed stone
surface based on the relationship between sediment
heights and exposed stone surface area on riverbed

DKL OHER S & Wb & EFRT Do,

WIZ, ADOMMIZH LT TDERBY ERLE.
FUDIC, MREEZ0E L7cl &, HD5ADF AN
b % SHNTFET DR %, IER M OXNE AT
WD EBVFRELE (F(©9)) .

1 1(h-uY
_1fh-u ©
am“"[ 2( o U

Z 2T, FHuIERE TOE L, el Lo
WEZH £1203Dgk Lz (B BB, 1992) . 7=,
CORICK LBHEERzE R L&, FLENES
MehdEEIC A0 ER»S RIEBEEEISAC WX,
A1 % R Wl A3 Dy, 4EHNDS B X OFEFR & AE L, 2i(10)
T E L7=[Fig.5]. Ao, P, ot
%, 1:0.7:0.5L & L7= (Michikami et al., 2016) .

INLOREBLOREDOL &, WHEHEmNzE -
HAEDOIM B2 ) OB A BA S AR
LLT, XD THRD.

P(h) = 2*

z<h: A(Z, h) = 7%0.5D¢p*0.35D¢

h <z <h+0.25D¢ :
(z—h)’
A(z,h)=7*0.5D,, *0.35D,, *| 1—
(z,h)y=7n 60 60 [ (0'25D60)2

z>h+0.25D¢p : A(z, h) =0 (10)

ZIT, BEXGE T L AIEHO R E D D
20 (=0.6Dg) IZHDHL DL LIZ[Figd]. £L T, =
DR &~ 20 % W R B ANV D D R #a)g & 3%
L7z.

[ P(hy* Az, hydh

0 (11)

R(z) =
7%0.5D,, *0.35D,,

TIVHITIE 2 R S RE LA TORE
O, EHLOWKRESFEE S L1, WRME
ERFEZT LT L, &K 0 AR & & 15 E
ELTERSALTNWA ERELT, REREEZE
E LR R ZIT>72 (RHAD, 2012) . LavL, Z
DOFERIT, B —KEDORE) EIZEAELED LRI - T
7, FEARMEAERBET 28R, BRI LK
ELEFHEEZIT- 7=, £72, BEOET VIR
TRELzERE) EDORFRREBINT 2B, HHS
NTeDspZ BIAME L L L, BEORIEEZIT-

UEDOREZED &I, 3.2 X VW Sto~St3ickBit 5
ML OWKEOEIE EbE) B LUE( L
BN O TSN D WIRRLED s, d & D5 Ry ] 25 B
777, FHEATORKEIT-o7. S5,
B cBll sN/=Ds & b Lz, £z, #L0T
oA O LBELRB L, BLEEL
TG EFE Lo oG OB L&Dz (FEIR
KiE) &R

5, EFILIZL B FHIKER

51 AIRZEBOFAEELRIGT —F LDER
B2 TR o To LARE L7856 Dz[Fig.6AlH
FONEEICHER L-@ Y ICE L L84 D2[Fig.6B]
ZHRMHL, Fig6Bn b Tl L7zDeds L ODsp%& 4118
BG CHEII S 7l & Il U 72 [Fig.7]. = OfEE,
THE & BUAEIC I TRBER R oD, FEZ LD
HERE AN A~ L7e. T b, 20044E Tl
MHME L ITE A EED LRV, 200475 520054
W T (BRIAE) L, 20054EFF & [F% D fE A
20074F- B & CHERE L 7=, 20084FEEIC T OMEIN CHL
Kifk) WCHEEU B TH 72, S 51T, 20094 F
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Fig. 6 Estimated sediment height from 2004 to 2013, using Sediment Wave model
(A: No sediment is replenished, B: Sediment is replenished, C: B-A)
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Fig. 7 Estimated values and measured values of Dsy and Dg, (Left side: Dsg, Right side: Dgy)
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ToIX20104E BEIC R ORI L L, 201 4R JEE |2 00 LKL
b, 20124 IR IXIZ L A EE D L WEA & 72 o
72.St1~St.3 & bl LR oM@ A A 54723, 2009
FEICB VT, St10ATRIMEF L OEINE & Al
R XY D LTz

5.2 BEXICKAEMAKRSOFAKER

HIMP PR & & R LTRSS, St HiE< 72 51C L
MW RE O E— 27 I XME T L, E— 27 OiFH
HELS DN, ERLTWAHMITLVEL R 5H
1] Td - = [Fig.6C]. F£7=, 2005, 20063 L V20104
BE DAL, SLOIZB W TE LT LN 28
—Av—2rtrolctk, MOFELY b o< D
P AN RSN, ZDE XX, St0O~St30DHY
TR B N L3R F AT L 0 BV RIES O 4ERE X v
(SRR TAAYAN

6. BEXICKDARKENRDIREL

6.1 ETILDEEDRI

Wiz s BEEREE A RE) & OBFRIX[Fig.8]D &
BO Lot EBIT, DsDFHEME & BLAME & Hig
L, ¥x V7 b—var&fTolofR, aZlo
BEIZIZES2EAH Y, FREESEIELIY &
W3 L D L7223, il O sl CgEm
& 722 5 1= [Fig.9a, p < 0.01]. % Z T, DspDBLHIME & 15
Wh, TREZREE LB E D L, FEFED
HE I 1) 03 A 22— L 7= [Fig.9b, p < 0.01]. ZD7=,
ETVCHEM LML, WRASHRALT 5 HmE &
OHLRA LT 2O THIZ W T, BWKBEZ AT
HDHbDEEZLND.

THE & BRME I TeBES RS BE & LT,
St.1E L O E AT LT 5 A, St2J8 IS mb N 2
TR ENTWD RS, BLEORKEHRIEs D&
NKREL, —KETHALTWAARKXR TR S
ool bHtEshg. £, FHEMEICK LB
HE DDA VME & 2o 72 2 &%, B EHE

—D60 =450 (St.A, B, 1, 2)
— D60 = 350 (St.3)

o
00
L

HEERER(Z)

= 0.4 |
g

s 0.2 ~

0 T T T

0 100 200 300 400

HEEz(mm)

Fig. 8 Relationship between sediment height and R(z)

0.5
—~ 0.4 A
£
= R?=0.2573
g 0.3 1 v p<0.01
= 0.2 u *St.1
% . . ;
a | S5t.2
o 0.1 -
St.3
0.0 T T T T
0.0 0.1 0.2 0.3 0.4 0.5
D, (£ AI{E) (m)
(b) A
4 stl @ .
M st2 =
M- 0.20
st3 ] L]
a
© | |
"+ e |
0.h0 : 4000 0.20 0.40
’. -0.20 CDsn(ﬁ;ﬁIHE)
R?=0.475
p<0.01

Fig. 9 Comparing measured values with estimated
values of (a) Dsg, and (b)cDsy (Dsg — Dsg measured in
the year before)

Bl 0 D2 W Tz B F U PE 3R DRI Sy
MAMRLENTWAZEEERTS. Z0FHR L
LT, RET /ML, 350~450 mmDKIED T —~ —
L L7z IRIC T A — & — Rl 2~16 mmAR FE D RL
ROtz T o564 AELTEBY, HETIX
ADOMBICHENFREINSHHETHD. LoL,
RGBS ND L0 —EBICI%, WLl EoRifk
LEENTEY, —EBHBRICALTRBEIEFL,
FDHTIETRBORRENPMDL Ro AR H 5.
ZORDRIKRREDOHEMHEELEZ D ETO LD
D XYM FEROFBUCE L TIE, 4%OBET
b 5.

6.2 ETINICKDEBELDRKRKESERDFHE
FUH L 7= B0 PR > B [Fig.6C), & iz X 5 b
BT, FLATHOMKED ERA2EET S HDOTH
HEWRD., EBIT, DB XUDsico>NT, Bl
OBME & R T B O NN & % A X T4 5
&, DB L UDsyDBLAME MRV CRIAED F 22 Y)
3L, bR @ ME M % 7R J[Fig.10, Dgy, Dsp& Bp
< 0.03]. T, BHICE D EWETIE, KD
LR LB, MKROMRLZRET I LDOTHD
ZELREND. UEMD, BhICXDHEINKE
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Fig. 10 Relationships between annual changes of
sediment height and those of measured Dsq and Dg,
(a: Dsg, b: Dga)
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