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Abstract: Sediment management in high-dam and large-reservoir systems is crucial for preserving
storage capacity and hydraulic functionality. Erosion-deposition dynamics in a large channel-type
reservoir on the mainstream of the Yangtze River under continuous hydrological and sediment
regime adjustments were investigated; a sediment forecasting technique for the flood season was
developed and refined, providing technical support for reservoir sediment management and real-
time operational decision-making. The results show that: (O upstream cascade reservoirs have
significantly reduced sediment inflow; however, the “high flow-high sediment” pattern still
prevails during major flood events; @ sediment deposition exhibits a progressive longitudinal
distribution, with over 80% of total deposition concentrated in the perennial backwater area
between Qingxichang station and the dam site, while the proportion of deposition downstream of
Wanxian station increases significantly with annual inflow; @) sediment transport and release are
dominated by the flood season, accounting for 50% — 60% of annual inflow, 88% — 98% of
annual sediment load, and over 90% of total sediment discharge in representative years; @ an
enhanced real-time sediment forecasting framework is established, incorporating incoming
sediment corrections and optimization of a coupled water-sediment transport numerical model.
The framework successfully captures sediment transport processes during flood seasons from
2022 to 2024, achieving forecast relative error within 30% for sediment peak concentration and
absolute error within 10 h for peak timing. These results indicate robust performance under high
water-sediment conditions and suggest strong applicability and generalization potential,
particularly for data-sparse regions,

Key words: channel-type reservoir; water-sediment inflow; erosion-deposition distribution;
water-sediment transport numerical model; sediment forecasting; dynamic correction; Yangtze
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Fig. 1 Location Map of River System and Major Hydrological Stations in the Study Area
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Fig.2 Flowchart of the Sediment Forecasting Technology

TRV ARG EE . B IEAh
nt1 nt1 : M
Syt =Sty =B (1

t=1

Horp Sy RIRE a1 RS W RABIEE: S
FoRE n+ 1 WISV REVIGE; SL. S 43 5 FoR
55 0 YCHUAR A S g s S I A Y A v i S
H AN IRHRAE s n 2678 AR AL £ 5 D 2 S 0 9 & A Y
() TR B B B IE R
1.2.2 BERRIRIR

TEN IR VD U A Al E L AR SCR K V2 3
BRF R I R DX R e Vb S TR A, A
T R Ry VT W R T il & AR T B & K 2 760
km W B 6 7 B VL S VEAE 14 4300, BRI K
Bl J#i P ia 1] Preissmann PY g5 Bas X088 1L 8 A
b7 S AV A TIBT= N TR N VAN O L s R I = N ) & 4
o TERE R ML Y JE VD e is T A% oS WO K
HRCE B 30 1] T i B9 WY SK e OB TRD 5 D L ORI R
T 25 B 78 B VD T RS0 N FR A A O D SR 2
B R 25 SR WL SCER 231~ [25], AEAY Y iE O i 7 45
B A5 A PEFE il e b B g i L & v i AR Lt H
145 7 T 0 3R K 7 A AR AR ZE S AR
Tl L K R R R R 5 K - A i & T DL
S

&t NEY QU A ST SRS A I €U
18 BB () S 0T ARG HE VG BC VD I 7E PR X 1%

FEMERGE AR . Oyt AR SCIR T BRI B RO S
RSk, LIS ol a0 5 Vb B PR (S R TE 2 22
/NN H AR XA SRS B AP A S
LA PAE PR DX A 7K SCoE A TR 5 B L
AL FR i 7.5 ke AR TRECE A7 B T8l 4> A% 2%
RSB E P 5| A B B R T4 R 22 . I S 7K T 552 1 3
JE PRS- AL 0 0 1O B 3] R T O AR SOk BT R
b R TR AF 0 2 508 2R

2 NEETKD R B X R R AE

2.1 FRETK

K 3 J/R T 2003~2024 4F P LA EIK VD 3%
ARSI R . H 2003 AEEIKIZ AT LK L K PEAE AR
KA, 454 2012 4F RS BOK RS &
Kz Fy 59 by 2 AF B, 2013 ~ 2024 4E % 2003 ~ 2012
A AR K S YA L S KA L e /ME 43 ) 36
3.3%0.13.3%6.12. 3% , e A A R 5 AR Ak A T )
TR R KA B L 5 BRI 45 R — 3L
[ SR V% LA E = U (2R N 3 (VN 3
VR, R ARR DL 2012 AF AT A, A R A A R I v
B B 2003 ~ 2012 4FEf 2. 03 X 10° t [ &
2013~2024 4EfY 0. 73X 10° t, Bl 664, 2% . kK
AR 2018 4F 2020 AF (1 A FE VD R BOIR K 3k B 1
B GOK PEE KB ITET A B R E KRBT IR
SRR 3 B T U AT R R 2 OC T A i kK
F XK B SRR, 2003 ~2024 4F
VR R T RS, B S5 AFEKE AEDEY
BUIEA R AT B K BEHEVD 1) — R

5000 3
4000x A |
g | 2 -
z 3000 ! E
S |
e | by
2 2000 | S
1000 !
|
0 X I X | A A L X & 0
2003 2006 2009 2012 2015 2018 2021 2024

FE 4
—— ANEKE o NEVE — HEVE
B3 HENEKDEREWL
Fig. 3 Interannual Variations of Inflow/
Outflow Water-sediment
AR — A i BRAR A PR VD i B B A 2R e e
PER GOFER IR 1R, R 1 aTRL AR
PEAMET 2X10° ¢ BARECN 6 4F SE AETD RN
(1~2) X10° t WAEROH 7 4 s AF AJE D /N T 1X
10° 4R BO 94F 5 A A PR VD VAR I PR Vb i 4R R



18 TR KT TR KA AT 3 ALK R b b b B R TR 137
£1 REAXDETRDEREFHE
Table 1 Annual Average Values of Sediment-related Parameters Under Different Sediment Inflow Scenarios
ok BV ERAEP I/ 10° ¢ EHE
Xof N7 4F -

10° 1 AP fi th W Bt AL F A/ %
=2 2003,2005,2007,2008,2010,2012 2.4 0.6 1.8 24.2
1~2 2004.,2006.,2009,2011,2013,2018.,2020 1.5 0.3 1.2 20.8
<1 2014.,2015,2016.,2017,2019,2021,2022.,2023,2024 0.5 0.1 0.4 14.5

TR H IS + 1« AR Lol A0 B . LAk, Bl 35 4 A%
R RGN AR HEYD H R AR R 300 ~6 20 1Y IR
WE  AEHEYD HOE A 24, 2% E14. 5%, Ho 4R
A PEVP AR T 2X10° t W4E 0 S8 76 b 5 Bh 9K 3
FEIKIBITHAY (2012 45) Z Hi - B AR 33X S8 4R {7y B IR R
2 A7 2003~ 2024 4R SR Y 50 Y0 . FURE R B
1B 7K PR IB AT KA B AR B AR T TAR AR HE VD L (8
KBV K. A, BR 2013 4F 2018 4F, 2020 4F
ZAh, LUK IE B K IBATZ )5 A A PRV 23
INFLIXT0° t, BARAEHEVD L P ¥ B AR, (H 2 X g
G SRR 5 2003 ~2024 4 BRI L AN
) 200, BARKFE  LUFESHOK EE KB IT LSRN
JE DX A R b U0 A6 2 K R P2 VD A AT A0y Sk K AR Ay
F 57 BIRKOKRID S A T PEZS O 4 - {ELAH 1 HE
W AT Qe RR IR K OF o TEAR SR i — A0 el e
PN R T RS R B R RS BN HE AR £ 1 9 T
JEEE I B,
2.2 ERHNH

AR 2003 ~ 2024 4F A K 7 M 2 41 ) (H
(3 670X10° m®) , A SO 1E 1 6 A~ S Y 4R oy DL —
3 BT AF N R KR VD e P IX o it o A A . Her s
2020 4FE 2005 4F R KIK )y, 2016 4F 2010 4 H
IKAEA 2022 4F 2011 AF R /INKAE A i 5 1 IR A6 9
K PEE KIS AT HTIE AF 0 Hh K ARy /N K ARy Jir 16
FEAR A K BRI .
2.2.1 R LR RN KB

AR SCH BRI (6 2= 9 A RAEMa AE 5
H.10 A 2 12 H) #4744 AR 53 . 45 S0 RLAE 4y 1 1
JE A FE K YD BR UL IR 4, BRI AR GOK K
AT LA B KK AR S K AR Ay /N AE (3 11 22 3 A
SN PEAK & BT R AR AR AL (H R TP K
ARV R TE S RO E A B 50 % ~
600,880 ~98%6 , F I A A K Vb 35 i TR 3= =2 1
FRAE o 7K EHEVD [R] A% B2 rb 76 VHUBT L AR U PR V0 5 4R
P H S 90 % EEE AT 5k 999, Hib, il T 2022
AE A TR SR K MR A . HL 10 003 35 B VT & AR B B vt
K 3 BRI A 22 K A VD S A AR N E 43 )

IKE] 55% F1 510, AL VD R H 3k #)
28% o 1M H » 52 B AR GK 7K 9 IR IR L 4 5
HK ARG /INIKAE A5y X6 g B4 B A P K i 3 531 i 2>
273X10% 1 466 X< 10° m®*, 4F yR I A J /K B B4
(163~464) X 10° m®,

2.2.2 R LAERE R ko

A SCHE— 243 BT T 25 BLRLAE Gy TR L R VU X
I 45 0) B wh IR I L (L 5) . BEAKT 5 L B X IR FR
A TP TR HL U R S W0 R AS TR K U 25 4 T 1 o
T A P 22 1 . b U R T 1 Bl T B, ROk
ARG PR AR Ry 209X 107 ¢, A T o K ARy /N K
ARG B 436 X 10° 340 X 10° t, VUM 7 4F A P b &
/DY 2016 AEFD 2022 4F B kel CIRC bl 43
MR 262 X107 107 X 10° ), JE TR ) g 7K 4 4y
PR s HOK AR INIKAE Gy I BLAS ph AN A A N 2
UL R AE L S e I VR S e B
HROKAE By RK ARy 197 H IR B 43 1) 2 1 349 X
10°.2 391 X 10° t, ff JE X SR B 9 1126~ 19% .
T /NKAEf 2011 4E,2022 4F 48 BIAY & FE X 5 i
HAYL. 4%.5. 1%, R B KK RVD &4 % BL AL
W22 5 1E B vl T Ui 0y AR 1K X Dy SR AR ER A
BEE A K R3S KPR B B B 4 688 X107 tf 2
13 354X 107 t, (f J X R B 19 b o1l 2 2k 80 %%
JF B\ e v TR AR, i — 2ok E LT B
SR Ay BT R S a7 B BRI T B FE R
e ik T B IR AR L B IR . B AR K 3
2, 3 FLuli— B e sl Tl BB A 30 300 DX sl U R A A
IR AU 1 L 25 Yo B M Rk & 51 %, KK B )
ZRAE I BG SR HE B T U8 VD U BRUE O ) AR 5 1) B
B,

M5 T LUF % T A PR K AR I AR
PR DX wp i o A AT B 22 501 . D /NIK ARy PR DX o it
AT EER AEY R R, 2011 AEHUR A VD &
900.92X10% t, 2 8 sl — ~J 8 sl ¥ B B A 2B R AR
L Z T 22022 AR ARV BEALR 0. 07 X 10° t,
PAL I A 0 3l — 3 13 4 il ¥ B o A 2 B P IR A
TR B R A AR o X A ARy 7E AR TR B9 I AR B



138 ok A ¥ 5 I B F R 2026 &
KK by ek 4 pkEH 100 e S REH AKEG
i
4000 80 i
ok R i
= 3000 B o 60 E
B = 3 !
) 2000 @ T} i
1+ i
1000 20 E
072020 2005 2016 2010 2022 2011 ° 072020 2005 2016 2010 2022 2011
i B Ay i B4y
(a) K& b) HH

RPN RS SR IN: IS  ESEIN-NE N EREEESE N EEENFS

4 BABERHENEKEMIETH

Fig. 4 Variations of Inflow/Outflow Water-sediment in Representative Years
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