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Transport characteristics of non-uniform suspended sediment in the Jingjiang Reach after
the Three Gorges Project operation”
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Abstract: The amount of suspended sediment entering the Jingjiang Reach of the middle Yangtze River has been greatly reduced
owing to the operation of the Three Gorges Project (TGP) , which caused the sediment transport of the reach at a severe non-equi-
librium state, and the suspended sediment concentration recovered during the channel scour process. Therefore, the characteristics
of non-equilibrium transport of non-uniform suspended sediment were analyzed based on the measured flow and sediment data. In
addition, the recovery efficiency was proposed to represent the recovery speed for suspended sediment load, and the corresponding
values were calculated annually from 1994 to 2017 based on the measured data of the Jingjiang Reach. Calculated results show that
the suspended sediment recovery efficiency of all particle-size groups was very close to zero before the TGP operation, which means
that the channel deformation was small during this period. However, the recovery efficiency of each particle-size group increased
greatly after the operation of TGP, and the recovery efficiency of coarse sediment (d>0.125 mm) was much higher than that of fine
sediment (d<0.125 mm). This is mainly because the content of coarse sediment in bed-material of Jingjiang Reach is large, while
the content of fine sediment is relatively small. Finally, empirical relationship was developed between the recovery efficiency and
incoming flow-sediment regime, which shows that the recovery efficiency of each group was negatively related to incoming sediment
coefficient, with the correlation coefficient for the total, fine and coarse sediment being 0.89, 0.67 and 0.69, respectively. There-
fore, it can be concluded that the recovery efficiency of suspended sediment was significantly affected by the incoming flow and sed-
iment conditions.
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Fig.2 Average annual suspended sediment discharges for different fractions at hydrometric stations

in the Jingjiang Reach and the channel scour volume in the reach
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Fig.3 Measured bed-material grain-size distributions at hydrometric stations in the Jingjiang Reach
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Fig.4 Temporal variations in medium diameters of suspended sediment at each
hydrometric station of the Jingjiang Reach

2 HEBDHMENEHERERST

LAY IR B A AT T RN BN D R b o 2D BRI B, A5 i TR A [RDRE AR e
VDU i AT AN B SRR ol e 0 T B v A R LAY B R S T R A
AU RS SR R S v R AR AR TR — K AT AT B v i ok T, 7E
RS AL YD B T] PR i Ab 25 B AH AT I, T REAL VD C S AR B AR A, ARV 754 T B AR AR, Bal
I3 B R REAR 2H Y8 V0 1T PR i I e AN REAR Sl Sz Rl X 5 0D iR IR A2 2508 DR, e Ak SR FHTBIE5 T Bs F) f IR
R R AT BE VD i 2 R FRAEAR R S0 vb MR SRR, T BT B2, 38 W B0 T i T8 vb K e il
RS WA B DL E SR AN (20, T 2 A v T A R R A E R 22 . B M T H
T SR I 325 0 AYRERA B0 2 50 L0 (R e I8 e, T A SCRIF S o A by A TR AR A v AR S A, R D T i
VR A E S 2 VD R . TR RETE S RN R B YD 90 E BE I E] R AR RS DL T, 2 1 K vb 26 A
WA BT P Vb A SR 2 1 R B R . OHAL S SRV B Y A B R B RCR 5 T Bk K R U S A 2 18] 1)
2R F HILAZI T R AR D 2R AR PR S 03 R S e A
21 EFHE
200 AR MBABATE  HILEB NS kORI T I T PR i i (JRBR IE, oA 670 5 E ]
By kORAREU B AR S b ORARALBIP IR RO (A, ) FIEBFRITL = 0 (A% R Rk E)
XU UAE L A TR & RLAR LD R b W, o VE M HE ATV BLRY S kORARL Y5 W, , LI
FITUIEE kAR BIRIV 8 W, 5 = 0 ko RAREBY B D B W, o ZHWE IRV BLSE k RiAR
BT W, 0, BCTTISIRVIEEE kR 4BV PR SRR AR AU T

M= Wi = W) Wi = Woze = (W + Woom) )/ W4 (D

AR, A >0 WF 5 kORISR YPAL TR ALIRES R AR A, <O B, 20 A RLAR ALV AL T U AR
AR 5 A, $EIT O IHEFS BUL AL TP B R R ORI, TEAE B VIRES TS, A, BIZERT
(BB, 80 1] P A RS IR A A R
2.0.2 RARDEIH KA S AR T AR AR P BN B — 2 % T o BT i, 38 3R ke v
FHORFAEARIAYS S ME . v A — R R B B A V489 0 5k 5 M 07 3 5 14 E R My s RS0t

AN HE T0M R HAR R T B i B Vb B R/, LV R U RS A N
& = (Sk/()) x 10 (2)

A, & R kRGBT R R B Q BRI (m®/s) , S, JARRLES b RiAR AL &



B S ZMORBERGEHITERAES G R IR AN 1903

~

Wik (kg/m”) . Vb RABE, WK TS 5 AR, L 22 A ) T i) ). A5 SR S ol TR S 00 K4
TRk VD R B, AT B R AOR D 25 F.

22 HHER

22.1 EH P REARE WG 19942017 £S5 R V0 Bt , R 0 (1) T Fr iR Bean vb Lo v i 2
ROR, NP Sa FoR. AR oK iz FHRT, ST BLAR VD BORL UM IR SR80 220N R, LA X {E AR 43 05 =
WeoK 2 12 G, WEFEA B AR U0 RO UK SR A 3 3494 g S (i, ELHC 2 X (2 — R RE O, L oLV SR AR
A2 R E R T A7, ELRE I 1) S 1§ I . G 32 %R fhy T =K 2 iz T, 0V B A A 30T i v IR
&, BRI TR AR, AR S T AR V0 RO K S S8R 4 B AR, B 350 0.04. =
WerK JoE 18 G AT BEA R AR 4B VD IR B R 2 X HE B R K AT I W 0 K, X 2 2 oh Tk s R L %%
RIAR LD Y AL T FE U AR YRS, S T RS SV b-PBRIR 2, 1T PR S 35 ], AR A 2 B o 5 U0 Y
FEIKI. SR, AN RAR BV RSZ CRAFAE 35 22 57 PRIV R R A T-53.43~0.37 Z [i], HZ 4R
YME A — 1407, H A0 X (0Bl ifo bl D7 65 354 o S22 1Y S0 140 098 DR 38 T 4 b SR A3 s e (i e/ ALY, A8
Bl A —1.56 ~ —0.17 , Fu2fs X (B0 Bl oot D7 i 4B AR, 3 S B PO PR VD vh 4800 i FEARVIN FE DAL A
o R T RS BE DA K A B A ST A B AR Vb b , DRI AR D R A A BRI TR YD oMLY o LR
R PR A7 AE BRG] BCHAD IR S0 240 X B Wt 5K

222 kP A% =WOKFIZHJE (20032017 4F) , il TR E A AT, e R MK I Y 2 U0 R iR
BEARR, 0 YO d AR AN, DRI R YL BOR v R B R N (1 Sb) . #KE , 248 P BT 2 v ke v 22 8L
2 0.07 (kges)/m* BRI 0.50 (kg-s)/m°J/NT 86% ; 4K VD R AN 0.06 (kg-s)/m’, KAl
(0.47 (kges)/m®) /N T 87% MDA 0.01 (kges)/m" AALLEKAT(0.03 (kges)/m®) FRET 66%. #fk I,
FORAR LR VD AV ZR BN T W , K G Ah T FE A YA FLAR 2, 10 PR A i £ oo

1994 2000 2006 2012 20184 £ 07 40.06
0 1 > A =Wk FEEST %
i 0.6¢ 0.05 &
< 05N M
= : 0.04 £
= 041 B
S 0.03 &
£ 03 =
2 =
% oal 0.02 2
e s Ao/ 001 5
ok R g W& 0.1 2 Ex
_sol D Y/NES Yy = (b) Py >
(a) 20 ! ! Heohatal()
-60 L 1994 2000 2006 2012 2018 4§

5 1994— 2017 47320 D PR SRR 55K 00 R BRI RO () 5 R T R K(D)
Fig.5 Calculated results for grouped sediment from 1994 to 2017

recovery efficiency (a) ; incoming sediment coefficient (b)

2.3 YD REHERGRAKFRD FHHIXFR

I BOR IR D Z5 A0 R A B B 0 R 280 19 3 18] B R 35 N A AR Ak A8 I 03] B A9 A - iy o0
AR RYDGIC R AL A RIS BT, SRR U A R fi B R W AR 2 2 U i AR A A B0 (- B
VP MIMRERCR) W ER , DA 2o BT 5T W 2 22 18] B 5 28, DT 82 g 6f 1 300 40 35 o0 Bk R R g A AL
AR LRI T4 2003 — 2017 ARPRIZ MR ARV REEER, S T 20 R AR E MR 5k R B
KRFR. RIMBOCRME , P IE R B, 25— AN1E 6 Pk,

b U ALV AR 5 kb R AU s R 50 0.89.,0.67 Al 0.69, iRk EIFITE B bR E
RO ] B MRS KA S5 P EAE R 1. R 0D BORLYD B0 DR S 28 RO Vb A P/, X B2t TR0
BCIEAFAE— S BRI . TERVD F AR/ NS RIK U AN 10 R FEE AR g I, 1 R 28k 3 Ay 1 (i ELHE A (AR K, 1T
PRAL T b BR S 5 242k b R BOE KRB — i FEE I, o BIZK I U A0 F0DR 2508 S i o AR 2 I, 0k 52 2805 e 1
AR TEAE, B R BB L X U HIZIT O R S PR B AR ST, AT S B, AN AR L5 BT A



1904 J. Lake Sci.(#ia#%) ,2021,33(6)

K Z ARG K IZZR O Crfr i) I B Vb 28 B0l AL, 400 (AR YD FURL D 6 i A6 70531 0 0142
0.161 F10.019 (kg-s)/m®. AL, MY FLIRES A Sy LIRS 1 1 ke 10 R KO /N T4, X B2 1
TV RAR M , HOMEREHEATAT PR L o2, AR KU 1 32 3810 A9 U R A g (i RIS b R i) )

|- &0 0~ ()4 | (@ HD
. @ 0O m}
ok et DD E o ?
- g &£ Lo |2
@E‘l -0.5F
ol . Een = W -19 05
E o100 = _1op, B 29}
b & A=137In(G,0)12.68 o, ;o A=0.46In(&,)10.84 = I=8.94In(E ) +35.23
=3 peoso = g R0 = 300 R0
-4 18 - -49
-5 1 J 20 1 J ~59 1 1 1 1 J
0 0.1 02 0 0.1 02 0 001 0.02 0.03 0.04 0.05
Kb BB (kgs)/m) R FEU (kgrs)/m®) KV A K (kgs)/m®)

SIVEISUESIA /SRy € SEPRUFS GIPSN

Fig.6 Relationship between the recovery efficiency for each group and the incoming sediment coefficient

3 &it

MR 1994— 2017 AEFHVT B ST K v FERE, 4307 T =K 2235 FH RIS 00 VT B AR X ) B v R BB o5 3
T IR ACR AR S R RAE BB B AR A2 (W AR, FE 1108 T HIL BN [ERLAR BV IR S 3% S T
ARSI IR R R G AV BB R 2 BTE T Kok b A X300 VT B VD I AR K AR A S ). £ 4538
W,

1) 1994— 2017 4EFE AT BE AR AR 2 V0 4 Sl Iy, “ W5 7K ™ B4 wh BT IR, i A5 4 i A L B Vb i
AR . TR R D H A YD (d>0.125 mm) B8 K, A0V (d<0.125 mm) & i/, AR A0V 5 1
AR IR B AR B 5, S BCEVD BER [A] R s R 34 o R

2) =K 2 AT, SRV B A SR A A H230T 0, I Bt v IR AR IR AN K BKUG , £ AR 288 Rk &2
AR R XHE A I S GO, oLV A S B e P R T A, LR e R 7 e 34 o 22 P S B R . R [RDKE
FER VTR R B 5 R VD R B IEASE IR, HoksE R0 (R* =0.67~0.89) , [H L AR BHF 5 B BE P
ISRV MR B 0 R A2 B 11 R AK SR U S5 1R 52 i

4 S 3Tk

[ 1] Termini D. Non-uniform sediment transport estimation in non-equilibrium situations; Case studies. Procedia Engineering,
2014, 70. 1639-1648. DOL: 10.1016/j.proeng.2014.02.181.

[2] LiuJM, Wang GQ, Wang SQ. Study on non-equilibrium sediment transport in the sandy river erosion. Advances in Water
Science, 2003, 14(5) ; 563-568. [ X14:H5, FICHE, 3. YU o R V-0 0 DLIT O BLER B, KR
J&, 2003, 14(5) : 563-568. ]

[3] XuZM, XuXY, Li AQ et al. Flood control effect of the fluvial process in the middle and lower reaches of the Yangtze Riv-
er. Advances in Water Science, 2020, 31(3) : 366-376. [ 1RHRE, 15240, 22242 am S5, KT AT U#ERGE whyR AL (Y Bl
WL AKRFEE IR, 2020, 31(3) : 366-376.]

[4] LiuC, SuiJY, He Y et al. Changes in runoff and sediment load from major Chinese rivers to the Pacific Ocean over the
period 1955-2010. International Journal of Sediment Research, 2013, 28(4) ; 486-495. DOI. 10.1016/S1001-6279( 14)
60007-X.

[ 5] Zhang QS. Diffusion process of sediment in open channel and its application. Journal of Sediment Research, 1980, (1) :
37-52. [5KJagk. WK IED ¥ HoS R AT oY BB AT JevbiFsE, 1980, (1) 37-52.]

[ 6] Han QW, He MM. 2 D nonequilibrium transportation equation of nonuniform suspended load and its boundary condition.
Journal of Hydraulic Engincering, 1997, 28(1) ; 2-11. [ #5530, i Re. 36150 VRS JR A T8 b B
R KRR, 1997, 28(1) ¢ 2-11.]



5
[7]
[8]

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

TH IR EERAEHITBRAEY QR R AN 1905

Qian N, Zhang R eds. Bed evolution. Beijing; Science Press, 1987. [ £&7%, k(. WIREHAR 2. Jb il Bl H R
1, 1987.]

Han QW ed. Reservoir sedimentation. Beijing: Science Press, 2003. [ #iH . /K BEIRFR. Jb 5t . Bl2# s, 2003. ]
Liu JM, Wang SQ, Wang GQ. A study on non-equilibrium sediment transport process of long distanceerosion in fluvial riv-
er. Journal of Hydraulic Engineering, 2002, 33(2) : 47-53. [ X 4:H, FH50, FEEE whFU IR K I B oA S
b BRI IS, KA, 2002, 33(2) @ 47-53.]

Li YT, Chen F. Non-uniform sediment transport downstream from reservoir. Transactions of Tianjin University, 2008, 14
(4):263-270. DOIL; 10.1007/512209-008-0046-2.

Chen F, Li YT, Tang JW et al. Analysis of group-sized sediment transport downstream a reservoir. Journal of Hydroelectric
Engineering, 2010, 29(1) : 164-170. [P &, 25X, AR, KFE F U021 10 shRHHESMBR. 7K Ty 2ot 4R,
2010, 29(1): 164-170.]

Guo XH, Li YT, Qu G et al. Analysis of sediment transport in Middle Yangtze River after filling of the Three Gorges Res-
ervoir. Journal of Sediment Research, 2014, (5) . 11-17. [ FR/Ng, 28 UK, WP, =k TRE /KGR ILPiRY
WAL AT, JRVPRRSE, 2014, (5): 11-17.]

Yang YP, Zhang MJ, Li SZ et al. Transport patterns of the coarse and fine sediments and its causes in the downstream of
the Three Gorges Dam. J Lake Sci, 2017, 29(4) : 942-954. DOI. 10.18307/2017.0418. [ ¥ =, 5KkBAME, ZEAAEE4E.
SRR LA URL Yo Vb A% MR B L. IR AR, 2017, 29(4) : 942-954.]

Chen JG, Zhou WH, Yuan YP. Transportation and adjustment of different grain sized sediment along the lower Yellow Riv-
er under typical operation modes of Sanmenxia reservoir. Journal of Sediment Research, 2002, (2): 15-22. [ BE#EE, &
SCHE, SR EE. = TRK A RS B R S AN e v (AL R R R YRV ATY, 2002, (2): 15-22.]
Xia JQ, Lin FF, Zhou MR et al. Bank retreat processes and characteristics in the Jingjiang Reach after the Three Gorges
Project operation. Advances in Water Science, 2017, 28(4) ; 543-552. [ H %5, MISIF, JEERS. = TG
FITT B e AR . K22, 2017, 28(4) @ 543-552. ]

Xu QX. Study of sediment deposition and erosion patterns in the middle and downstream Changjiang mainstream after im-
poundment of TGR. Journal of Hydroelectric Engineering, 2013, 32(2) ; 146-154. [ 4%, =k THEE /KM K
TR W E AT S K R B, 2013, 32(2) ¢ 146-154. ]

Chen J. An approach on flood control strategy in middle and lower reaches of Yangtze River after the completion of the
Three Gorges Dam project. Advances in Water Science, 2014, 25(5) : 745-751. [ e, =Mk mn KT iR R B
i B3, KRR, 2014, 25(5) « 745-751.]

Lyu YW, Zheng S, Tan GM et al. Effects of Three Gorges Dam operation on spatial distribution and evolution of channel
thalweg in the Yichang-Chenglingji Reach of the Middle Yangtze River, China. Journal of Hydrology, 2018, 565. 429-
442. DOI; 10.1016/].jhydrol.2018.08.042.

Wang YK, Rhoads BL, Wang D et al. Impacts of large dams on the complexity of suspended sediment dynamics in the
Yangtze River. Journal of Hydrology, 2018, 558. 184-195. DOI. 10.1016/j.jhydrol.2018.01.027.

Han QW. A study of the non-equilibrium transportation of non-uniform suspended load. Chinese Science Bulletin, 1979, 24
(17) : 804-808. [ #hiH Ay AR SJBA AT Mk b 9o, BH4idie, 1979, 24(17) : 804-808. ]

Han QW. Only deposition in river reach from Chenglingji to Wuhan after impounding of TGR? —Response on “Discussion
on the flood control capacity of the middle Yangtze River after the impoundment of Three Gorges Reservoir”. Journal of Hy-
droelectric Engineering , 2006, 25(6) : 79-90. [#iH . ZWoK FEB AT /5 MO B oy HIp A hig? ——3f “ R T =
e TR X 3 L BT 1k B 0 S A SCRIE S I e . K D1 R HL2A I, 2006, 25(6) @ 79-90. ]

Phillips JD. Toledo Bend reservoir and geomorphic response in the lower Sabine River. River Research and Applications,
2003, 19(2) : 137-159. DOI: 10.1002/1ra.702.

Shen GQ, Jiang NQ, Li Y et al. Research on water volume of sediment transport and the calculating method in the lower
Yellow River. Advances in Water Science, 2006, 17(3) : 407-413. [ HI5i), 2253, 225848, ] R Uil i s vb K i
Bt BT BRI, KBEIERE, 2006, 17(3) : 407-413. ]

Wu BS, Zhang YF, Xia JQ. Variation of bank-full area at Gaocun station in the Lower Yellow River. Journal of Sediment
Research, 2008, (2): 34-40. [ S{pA:, skIFHE, B ZE0m. BTN i A ol S Rk i AU AL 20 4. S8V AF 5T, 2008,
(2):34-40.]





