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Abstract

This study dealt with a systematic approach for sediment replenishment works which defines the artificial supply of coarse sediment to
downstream river channels of dams. That is an increasing practice in Japanese, American and European rivers for the purpose of
compensating sediment deficits downstream and rehabilitating geomorphological habitats below dams. We introduced five main
objectives of the sediment replenishment, simply from construction of artificial spawning redds for anadromous fish to restoration of
fluvial geomorphological process of river system. Then we suggested determination of sediment size distribution and quantity of coarse
sediment as well as selecting an effective implementation method in corresponding to specific objectives and local restrictions in the
basin, reservoir and river.
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LME

2 A 29097 7 thsbd 5 2] ARt o 2F 60%)°] ol
ol A= ) oH, H A H2A 0 21=45,0000] 71 o]/
0] 15 m oVd2] tidl(large dam)©] A7 7HE2] 2F15%0l]
FFeh= 6,500 km’* 2] B2 Astal QJTi(Nilsson ef al., 2005).
2018'A AIAHH2](ICOLD) Aol T2 ¥ gh=o] HE =
1,33870<] tho] Qlet. o] = F=1(29133), ml=(9%29), <1
S5 1H), AEGEH 1), Beb(1739)0] o]o] AR
o =22 A(ICOLD, 2018), Y & (dam density) 2 HH,
7371 A3} 1] 529k oF 19 km* 2] =HE o] 2F 1347]9] e
o] A% A3} Pt A Fol2 B, 19104 o] F AAIH
71742 24314 0.2 ghEolH 58 A=A 7}, =AY o]
= 1990 Ath717] 543kt A3t Al 7] ol G5 o=
O] thEA 1t AF- 8L o] Al7]of gEol Feh. 1Lt
2000 o] F Al @ AL FAE T glom, 7|E H Eet
2745 2] 40 oY A== 5 Ho] o5t FI Y= HA
A=2] E|Atel w2 |2 715 Ao}, T12] 1 Sk obd et
e Ao v 2= FF2 Hat T = o] 7HEE = Qi

Foo Wl AL Fop|EeFa e FUgeR
FrAtol S Z 5ol tiet A& Ao =, o] 2qt ke
2 5Pt sliete]| o] 27]7kx] g9t 2| A ¥iskE f st
1 Q)T ASA = AREE 0 2 F FAREFS] 90% oS At
st 5] iR A2 o A= AFAReE F-fARE ot
o] 99% o9l FAte]E-& AT Williams and Wolman,
1984). o] gt A== e] oJgt FAtolE A2 WO FaA S
LS A A 7] 30, S0 AR Z(sediment deficit)= &
HettH(Kondolf, 1997). o] A}, Holl A 79 -2 FA
o] ol Aol Hlol| AFAL STt - W2 A el 7} EH e o]
23t ¥ SR 9] AT ZHE - (sediment starvation
flow)Z St O] AlZ 8-S F7HAA oA, 783 Alofl o]
YAE AH[otH, AMH o & sH|sks st oA
B FolXInh o] et -2 Y e of] mEste] sHEA
27t o5& 4= GIAY o]l o|27]74A] 2| &t wHEA
AE-2-FAFEFo] Glom, Aoolls ot At T2 58
REX A7t A= 1, s 2Ee] w2, ek 5|
o} -2 2|9 2] H2kE Rt Kondolf, 1997). 72814 ©
B Sao| AR, §5 Rkt F7|7HEL A% &
o] A 3tE| o], Sh jof| 874148 2] A Y& -golsA gt
(Ligon er al., 1995). A1A 0 & o] 2|t EA A A o] 24
H3}= o] 7|REe = Aotz o R e A E, 27 59
MESHFA TAE 712 tHPower et al., 1996).

¥
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o] 2|5k defl ot e Aot e FF2 A= AT

S 7HA] 9l HE BARt 7 ol|A] Fe A o2 Ao
= Z2A 2 Q1 @A THWCD, 2000). T&Eo], A4 A-de
SHAI9} 71& | o] L 517 Q5o 204]7] FHERE]
ol A= 7]E W] A&7 Faet o - 81k 2 F 7k A4, o vot
7}l A] el o] 271742] 21 417] sEdEE] o] d B
A7gstal §lom, o|2F AT Ao} 7|e2 el dE ot HEA|
HEZ51A QIck(Beechie et al., 2010). @714 AlA| 69, R E
AA 2912 | A== A 9] vt 1S T o)
o] FofFo] A7|&/ T2 oL AlgotA 8% QlTt.

S2uER= 2018 69 3] oA S ddsb o] Bt
STHA] H O] S s TP ol A sEd A A A9t Al
Aol A% 35S flote] ek fAL 2 Tef ek AARE
Hoh A2l B39t shdte] o] 7]gto] uf =] gict. o]of wf
2}, 2 Aol A= | ol Aokl A shd o] Ak 2
53517] Slste] el G} nl=o] spoA st A4
=31 Q= o FARRHE et 7]& ol tiste] AAIH o=
128 B2} gt

Nae FA o2 A ofz_t A2 v g7 270
M EAetkYl B M ECH(Paintal, 1971; Kondolf, 1997;
Merz et al., 2006). W2HA], & 5153 2 - of| A A4 % <}
A 7152 T2 0 & Est| flsiAd= doll ofs
A o659 AR 85 5k= Aol Fasitt o & flst
o] Z|e] spd ol A= R Ei= allg APl Al -RrAL
O] o] 53} A WHRAE Fajt BaE AAsk lrt
(Ashida ef al., 2008; Palmer ez al., 2005). ©] 718 @A L&,
5, frollk oA 28511 = Aok -FAR (sediment
replenishment)©]%t ] 5H- 5Pl A AFA o) ool ‘Aot
= Thstar 2145291 8P kS At | flste] Qg2 e
& e} Apda 242 EANE Fgole] | A o] ¢ HEE
AlolE 58S Bl Eol=Rtolth 31H 0 2 A 5-%(Reid
and Dunne, 2003) B 5122 10~1004) =71 2] 4 A1) 7F
(Fuller et al., 2003)0l14] F-AF2] G} B &=, o), &4
2 712 A=A (sediment budget) & ¥H9 51 JItHMerz et
al.,2006). ©|2gF AR A= S FEARS] A7]9F & 275t
= 5a% A=A ZAGE 8- ool 4] A= et

gl
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Pl FARE Sache o g sk e W2 =2 o]
et opRt 8ol 2 ARSE I Qlek. AR A E 2 5H AL
2okx] =T, SOl AP A o & ST = o] 2
A7 (sediment augmentation)S AH85H7| & 5H, Tegh
TFYE 7171 Lu-gol 2 545 (sediment supply)
T = A= d(sediment introduction). 2.2 7| &% 7] = gt

]z 9] FAEA AFF2 1970 ) )= A5 EZ|UET}
(Trinity River) 7ol A Ao o] AFek-Z 913 A A A& 245t

7] 915to] A= Gl o] & Az Lol A A 2FH E- M D of
799 1371 old ) o & S=la, 550 & Hulk]
o] YA EF2] T7K(Green River) ¥ 7iLict HEE|A] S5
H]o}o] ZHHIZH Campbell River) |4 &= 2-8-%] 2 TH Wheaton
etal.,2004). @A 7H thrt 2 G AR S 51 Qe 3
=< 217 (Rhine River) 2] 0|20} H(Iffezheim Barrage)
SHEFEA] vl 179HEY] RS 217l 5551, st Al of
S WAk w23 22 SPAAI A EE B askal }rk(Kuhl,
1992). AEO=2000' 32 AE5}0] 25 0] n]6}2 7K Miharu
River), Y7 FA]e3(Nagashima River), ©F715F3(Akiha River)

oA EQISt, ol APl HS] Fi-m|7H(Nunome
River)@} £7}Fo] &= ] YEEF] 7 (Nibutani River)s &A1 A
=24 0= oF300] /]| F RS FARSHAAIY S A A

7 QIckSumi er al., 2017).

A2 = 2] o] s oA Bl A wE S 4
SR97F MR T QLo ™, ohd | et Bl o) okt B
of o Alg, AsY, RUEF, 7—‘1%4&‘“4 Y A7 E TS
w27 skl Qlet. A& 59, 19708 vl ES U e}

oA AAE 270l AZ 2R Y ofaS skl =2k
= HO517] Qlste] sHZARS] MR ARl Qe Ao s
A5 Hgoto] 1A QlFol&S Aottt dejut it
UE ] A723 14 of &2 Zo ofsff A =AY
AFAP8=& 9= 5 AAA, AHH ez vl g8 0
2 7= At Gaeuman, 2014). 71‘3 Z}A o 72 7]%o] didet
of| whz} Z|Lofli= 5pd o] Aot 7S F5to] sk o]
224 BT sHIA = o) A, AAA the & =171 9
gt ehta) Meko 2 3] 2l thUuSDOL, 2000). ©] 213t 2]
Y e FHE Sh= AR Aol A= FAEY
o] (sediment transport)Z} 5142 ©]54(bed mobility)<
2% 847 Ay AAH o 2 FARH AFYS AR, A
3, RUEY S o= A 581, AR o SRt A7), &
O] EAS I Hsfof ot ™, ofefjof| 7| &dt= FF_AE T
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SHgASH]| mhE s E ] P 2 l% HRE S
ofof gt A= H|w A st o] Fo kil & 4= QlTt.
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gHE2 0 2 SN o Fo QAT o 24do] Atk vt
o & 5hd 2pd A ﬂ%%a& AP BHE=
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= ZAbsto] AAgeict. 28y o shRollA] 5] 219 9
A 4L BPstaAt Qobd, Akd-fago] opd o] ot =
A fd(regulated flow)2 TIAFO.2 84 70| A F-E-5]
5 7Hse 3719t e AP EL o851 Alklste] A4
&= 9t 9l A5l shgo] AatE] o] guto] g E| o] Q=
Zr A= o7 o] B A At A S AAsE1] Slste] 2
A7)0 g Egste] FFTTt A HA = 53
H o2 AT Ao SRS FASHE B 2712
Rt FFEAL] 7o) A A I, Fiete] =Es}
7] el FRARQ] sHd2] 7hsAde] oo, vz HE
A3} g2 u|Yate] ¢ st o] s st Fiet
o §jZ =7 #5ly 93] W Hitt2 &2 Skt

[*]
- =

23 BIEAYO| M

FFEAF AL SR AYY BHE Tefstol
248 % glck. 27] 0l3 AR it A E|9dd 8153
o] 2l ¢lo] ] Al 915t o} 22 FA Bk Aol B
717ke) ik S1o) BEACE B Holo] M7 AL
o2 g of 0] WA Ao 8T 425
A ANt F FEFS Aot

e A5 SR S SR SHA] M4 X B

E 520 & o= 7 ¢oll= s Y] = A1 A 203} A A1A
O] =S4 Q421 oA ol k] FA R E
T {oflof ol= Kot B33t vA]o] @ FHTh A 42] E|ALE:
Astet dl obF A2l & 58 obAA I E PdAdS EAloll
D Hoh= G2 o] Ao A=, A2 o] et -FARS] §-4
ZFS vtgsto] AP FEAFF] 0.1-10% 2] TFEOIA A&
kS A5} YTk Sumi er al., 2017). 47| 2.0 & o 5}
o o] sidE|et A AP ELS BH R fARF
TS AA ot 2 A A 0 2 o] -2 Aot ¢4 5
ol ) AP E-Uo| = 2§ A7 @ 1=K (restoration annual
load)Z Alitstal, sid—7rol| A 1 4=9]wf) s o] 2] 27
3} st o] AP =4, ALLE FFEAS] it Az o] 37]
9] w2t &7 AF o] 53 E& 1 £ (bedload transport,
storage and loss), X & ¥ S} (downstream gravel movement)
£ RoJotn Frightt, 121 off s ¥t st o] 422
2 EALO] Z2]2Q1 EA4J7He] ARt 23hS Aot FHE
AFFE AA K Merz et al., 2006).

2.4 5t FAIS S YHE MY

AN EARE sPd o= Fadhe 71e2 ARHelA
FE= SR, EARSEY, 25tA et H =2, JEZ

M)

ks

A2 = EAFE]7] o] Y] EARE A sHAM, shdA ol
A Y Sl A 1R 2] O EARE o] 8517 jheh B
£ A 3gAolA o7 AR = 57 o] a5,
TEARE ARESH] flote] 7] EE EwE AA 59
AA7F 8T & AolM = EANS Y 29
of| gt W-8-2 M =2 5ta, @ ol| A 2HHE EANS s+
A0 2 A7ffstal F47]0] oFR=E ol FAl7 = HHES T4
© 2 AA|staLAt et

Ock et al. (2013b) Y23} 1|= 22| Iufotoll A A
A ATAEIE o2 A Fgtd Al of| o A2
2|58 (In-channel bed stockpile), 11144 (high-flow
stockpile), 5912 3= H (high-flow direct injection) &
Al 7H2 & 25l h(Fig. 1). Ae2 A2 GARR 9
Z7 AN A H-EE AR, FA = ool AFdS 213
HZoh= 52402 ARGE| T Qlet. o] 2 v g7 A
T2 2T 71 9] s R 23 of -2l Bobs AAAH =
HER o]- 88 4 QIoh= 7S 712 2 QAIRE, A 4=719] A]7]
o] Ag=2of| FAE Aotz FAP 2 ashH, shrol il-s
Lo g5 ok ©lo] K s Qick B3t ok 87
SR L] SHA| ARE S XSk EH sHd A ETt shRE
o|-&5t7] AlAtste] A E o 7 §A) A9 A A -2 A
oLt B} & St o] 2] of| A Afjotal B4 |wf A} 49
7t R 2|712] Z7¥eld A E A 5E SHRE o FAIA
ShF9 2] s Telsh= W olth o]et Fol YA H o=
F7FE S| A 2 @714 Q] a2 o] A28 o] &
She ke 2 1] 3 7F 2|7t 7|7 o] 4R2 opAlof =
=759 opol A BatH o 2 A8 4= Qi) upA]dte.
B2 AT AHE @A vl ELUE A lA £
SHA| A-GE] 11 Qe W 0 2 B4 uff ZiHo] o ELL T2
S E AR St ARl A58 o2 fARE U
(Gaeuman, 2014). E2|UE|7}9] RUE ] Zuto] tp=H, 1
TR FUH 2 5P St A== 7129 sl =
o} oA AlZt o], Ej a1t -2 5P o] 2| P A=
&0l loll sFs et AT, ot A9t B2 AP T2 E
HAAFT o] B o] A2 Z4-1] 3.9 A EA|IZe] wheh
A7) A
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Fig.1. Sediment replenishment implementation in field; (a) Low-flow stockpile, (b) high-flow stockpile, (c) high-flow direct injection (source

from Ock et a/,, 2013b)

AEAME BHE 5 e 23 NAM B A&AR e 2
oha o2 Bl B8l -8 0] EARE 3w 4 AATH(Ock

et al., 2013b).

3. SHO|| W2 FARF AR

F>

% AT 71w IR A
Z55F 4,9327 m®) 2} F ot
=il m, ‘O] 250 m, 2453 9,222 m*)°||
/q = 74-’,‘—1]2}94 2818 m)E ]85l AZF19kwol A
S| Hoid AR 3ol 911§ oF | b
1 1b W A4 Oli shgo| RaxF7F el stal D]%
FHAPE o= ] 3= mlH] o] ofsle=5 A<
R HE PRI 0 2 A A ER| o - F o Tigt 74 &%U}
A7) = e, o] gh ZA) 9] s Aot o 2 shEd obF 1t
oA 1E-ZTE 0|85t sPdel fARE Batte] FaE
£ Dot AFARE Aojll= s E21/d-S Al skl
T’ﬂﬂ'oﬂ /\-] %A} _TT_.:LHH:H_Q_ z-]_/,:gzi 1HH-LQ o]_&;}c}aq—
CRET Eﬂ}— o}‘d 9 dFoll ElA e Bl AmE 55k
75} Ol'-n’g]' O]'Tr :TLZ_]' —’] ;q—l‘ioﬂ
59 EE%P% of| 27}0 2 St ez Rfrn]E dX]

Stk o] % 1F 854 S7HE o] 71 A H e R E
AFoaA HA2-E-S Foto] Bl E ohrE Faote s ot
At
H|Z47] ofdlo] 71 -G Ay fFeR S
m¥/s |51 -G-2|51A]9F, 2008 7Y 1 FEFA o= 2F 120
B2 G3530~100 mY/s ©HA12 0 2 Sfiste] & 349 m’ o)
FEFLZ 1000 m’2] 2EHE FFotArt 2009 790l oF
120427120 mY/s7HA] -53& S7HA F 64T m’ 2] HF2.
22000 m*9] RS FE5F K Park er al., 2012). H&Z2F
o) ghzk-g RUE Y A}, §2tx R U E=2008'd0ll= 25t
FollA HAEJAITE 2 km BojXl shRollA= AR L
ERLER] ottt e 158t TR ARE S S7H
2009 = | 517 4.7 km7HA] Bt 56% 2] A A a7}
UERSTHPark et al., 2012). ©] A= H|E A1 5P o] A
A8 = AT ol A B A e ohd AR AL
24, AU s oA FAMEE = FollA FatERF] Aok
FAE Alofoh=Hl o= A& AF 2 05 HojSg]rh

3.1.2 LU= op

P& FAF] 7oA F5-77F(Kuzuryu River) 54 2]
o7k (Mana River)2 4ol o7 Febl(Managawa Dam)
o] A4 & M E= ZHIE UL FFE L2
t}. 55| shRollMe= EARE 38T e A177H§lof o=
e A= A2k ok w2 2] A4 o /el 2ol ti i
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(a) Before flood
(sediment placed)

(b) During flood (Oct 8" 2009)
(sediment eroded)

(c) After flood (Oct 14" 2009)
(sediment transported downstream)

Fig. 2. Sand-gravel replenishment by high-flow stockpile method in the Nunome River, Japan (Ock et a/., 2013b)

ARl M ARz A HolHd ol = 7t Fe5)
o}, 28R Holl A §-EH v R AP oA B £

]ﬂﬂﬂﬁﬁ$ﬁiﬁ4é]ﬁdﬂﬂaﬂ*249ﬂ
I IS Z306E7] 215t 20043 F-E sHA AR A

QAT B2

g A5t
B A8 SR TUE LA o5t
Ak b £ H5]

H EARE A 55t
1011 220 m’S] EAS
ﬁlﬂ Ob_, 271 7J°ﬂ J% l%ﬂ% ° = SlR=E EANE
ol SAIFTE EARSF BHE S st flote] o=
Ha2 8 abA AAES skl

HazRo 720 778 €, 222 a sk By
e A 23} vtz Al H 87t dojuh= 2133
H| W SjA -FAREF O] o] Fol 7] Ao A= Bt R ol 2
AIHEEEDa 5o A4 HE)7FoF10% =A LFEF S
o, 27126712 v &2 Uit Halx2 o] A w5209, &7
ZAHE] Y EH(Miyagawa ef al., 2017). ©|23F Ait= 847
P fARRE o] S ER A B E STAIA 7]Ee] Bt
FE SN L AT R RE G610 3144 017
ol L& 7NA7]= Hl 71 Fa= ASstrh

Ol

32,5 518 WYY 2
321 g2 F=0E
LE Lt YA $H F M7 (Nunome River)< 1991
A FHH(Nunome Dam)©] A4 H & 109 Thof] A4=3]
E|xRgO] AR E 13% o) Z3oto] {4850 w2
Al FAAE QD shrolA = AR Eo] AP E o] sl st
7t 2P == EAZHEA ST whebA] | Aol A= g

FHo Ex Azt &7 o1F op A ohE A 61| flsted
2004 5B FARRH AFY-E AATSFATE
Fro7} fAR AFA-S 49142 9] o mAE o]
o}, A 5=2] AFR-2] A 2ol A A5 S 500 m’ 2] e} 2pz
o] S =E Hobr | km Aol 1] a1 4=H-2] of| 27
511, SHAl B7d-9-71 0] -2 (AT 80 ms, |45
AZE 4*17*)*14 FAEE o] gsto] AAfE Hefjet AFd-S of
FE FFotth(Fig. 2). st A o] U E & dxt ot
O] EAPZ} Aot REHo]| E| A = 2|7, ohF~7 o] A 5f
A oM WAHHA ofg3t A7t A&H o2 A= ot
(Kantoush ez al., 2010). 7122] 59194 B8 47 o
Sk sPEdoll A= Holl A -frefiet E5 3 =0 H AL 60%0 1,
/\1-7] Ojg;do} 30%, _'_zLx 7]. 10% _.!ll_._o]-E]oi o]olr,].(ock
and Takemon, 2014). ©]= AR o] 4] WEH SHEFIAESF
oA dos oEsH Ql=H 5 “EH7417} Sk o=
TS AUEA Gt A HoFE= 702, FAR
o] s {7 l=9 =& @@Hﬂlﬂw AR 35
A7l 9e-S otal 9a2 YERH AL QITKOck et al., 2013a).

322 0= E2ILEZ

EZYE7K(Trinity River)< A= 2| T o} BAjHof
2|3t Z2bu| A7 (Klamath River)2] A F2 A4, 19621 AF

oof EFJE|YH(Trinity Dam)¥ 2 AEH(Lewiston
Dam) 74 T 34732 90%0 ) do] AT 2HE fo=
EHE A ERUEZ 2R 3 g 9 -ARel &
st 71 A, slRolA sl Aslel shee] 295 S

2| G} EAE1o] 3] 74 0Bl ddo] MAIA I EEE R
T AL ES U, Ao 2lAe-2 Foll whet 2 th 96%
7HA] ZH4sF3ITE. 19709 v AL A R= A Z ol A7
o} gelstel EalU e U2 918k 722 Trinity River
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Restoration Program, TRRP)2 A 95111, 2000 o= 5}
A2 0] wf2]r}el-S A el-dH(ecological flow) B-L7} 5}
A fAR ol 718k E s o] A4 BlE 0 = dAstal
(USDOI, 2000) & 712 0] i 2| &2]Q1 s e o B 7=
= THA AL .

E U e AAISH ] Sl 2Ad A= E
IS AA UG YRS ) SR T
2ot AHIEZF o2 E4E= o483 EF g
730 = R 4= Sl Xt EReel 24k e 9
A3 A SEhd o] E U E7Fo] TR AA5HH o]
E71Fo® AAA Y AAEHA Q2 7(A01 9 AEALS)
T} 2] o] A A Eol8-& HHdsto] B WF Rt st
AFERe A FTHTable 1),

FRsHH o g faFo] 7P FHUE 2011 W(Extremely
wet year)ol| ESJYE|Z}] ;2] L7 Lowden Ranch
rehabilitation projection site) | A= AlA] F| 22 11491214
qplo] A1 A15I9Ich. TRRPL 11 8lol4] 41418 55
FHER 717H 50T 2T 311 mY/s O] HF-HaFe ol 8ste] A

7] o)) AR S 59U EoF 2| &AH 0 7 oF37H mPe
5PE tiofl 213 Fdsted, =23 o)-F, =249 218 342

2 51o] A28 A0 B4S 5 510K Ock eral
2015)(F1g. 3).

Bt ZRA|SE 42 Gaeuman (2014) F1 T 4= 31‘:](
Ock et al. (2015)+= o] 2|3t H-AH A2 9] 4
2 HUHE A5 Foto] AR o] 217 Al(hydraulic
gradients) 2} £ (permeability) o] S F0] sHIH=S
S Z(hyporheic flow)S -FE511, -2(thermal diversity)
3} Ho|(food-source diversity), 7123 THd(topographic
diversity)& Z7H171= 5 A4 7_‘19] 2], A, AgeH4 ot
WS ol oo ol 35S eI ATkFig. 4).

4. 22| oA

S1R AR A Ffel) EvbE 0 2 2 g3l 9]
e S SIS} 1) 54 Hiegelel S0} el

Table 1. Criteria of environment flow and sediment replenishment depending on five water year types in the Trinity River (Ock et a/,, 2013b)

(a) Downstream release depending on reservoir inflow (b) Peak flow and sediment augmented
Water year
typZ Reservoir inflow D;‘l’:::zr;;m Ratio inﬂ.ow to | Probability of Peak flow Pe?k flow z:(lllilzzn(:f
(mcm) (i) allocation occurrence released (cms) | duration (days) s )
Extremely wet >2,467 1,005 35% 0.12 311 5 23,701-51,224
Wet 1,665-2,466 865 44% 0.28 241 5 7,645-13,761
Normal 1,264-1,664 798 58% 0.20 170 5 1,376-1,628
Dry 801-1,263 559 56% 0.28 127 5 115-191
Critically dry <801 455 81% 0.12 42 36 0
average 733 43%

‘mem’ and ‘cms’ indicate million cubic meters and cubic meters per second, respectively.

2009, 4 2011.4

(Before (After

Project) Mechanical
Construction)

L Constructed |
lr.'f;!'l'ﬂ‘ﬂl.'i

20018
(After
Dynamic
Construction)

Fig 3. Geomorphologic sediment replenishment in the Trinity River, US (Ock et a/,, 2015)
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(a) In-channel gravel feature creation mechanism
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