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Characteristics and development trends of flow diversion variations at Songzi outlet on the Yangtze River after

the operation of the Three Gorges Project*

Guo Xiaohu**, Huang Mei, Guo Chao & Chen Dong
(Key Laboratory of River and Lake Management and Flood Control in the Middle and Lower Reaches of the Yangtze River of MWR, Yangtze River Scientific
Research Institute, Wuhan 430010, P. R. China)

Abstract: The Songzi River is one of the main channels through which the Jingjiang River diverts water into Lake Dongting. Changes in the diversion of
water through the Songzi River have significant implications for flood control in the river-lake system, as well as for the utilization and ecology of water
resources. This study uses an analysis of measured data and physical model experiments to investigate the relationships between water-sediment evolution,
riverbed scouring and changes in diversion in the Yangtze main channel and the Songzi outlet reach following the operation of the Three Gorges Project.
Results show that, compared to the 1990-2002 period, annual average sediment transport at Zhicheng Station decreased by around 90.6% between 2003 and
2022, with a corresponding reduction of approximately 87.1% in sediment diversion at Songzi outlet. During this period, the bankfull channel between
Zhicheng and Yangjiaonao underwent a total scouring of 239 million m?®, with an average depth of 2.3 m, resulting in substantial riverbed coarsening. By
contrast, the bankfull channel at the Songzi outlet reach was scoured by 43.25 million nv’, with an average scouring depth of 3.0 m. This formed a differential
scouring rate compared to the pebble-sand mixed bed in the main channel. Physical model predictions suggest that the continuous downcutting of the sandy
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riverbed downstream of Yangjiaonao in the Yangtze main channel caused by long-term action of sub-saturated flow will lead to progressive declines in water
levels at Yangjiaonao and corresponding reductions in diversion at Songzi outlet. At a discharge of 7,000 m’/s at Zhicheng Station, the water level at
Yangjiaonao is projected to decrease by 1.58 m and 2.57 m in 2035 and 2050 respectively, resulting in a reduction in diversion of 8.3% and 16.7% respectively.
However, asymmetric scouring between the inner and outer parts of the mouth (with higher scouring rates in the sandy reach of the mouth, which expands
the cross-sectional flow area) leads to increased diversion at Songzi outlet by the end of 2035, despite the decline in water levels at Yangjiaonao. During low-
flow periods, with a discharge of 7,000 m?s at Zhicheng Station, diversion actually increases by 20.8%. Contribution rates are -33% from the drop in the
Yangjiaonao water level and 133% from asymmetric mouth scouring. As discharge increases, the absolute values of both contribution rates rise significantly;
however, their combined effect results in minimal net change in diversion volume. This suggests that these influences are primarily concentrated during
medium- to low-flow periods. The differential riverbed composition regulates the scouring process, maintaining stable diversion at Songzi outlet. While
increased low-flow diversion is beneficial for water resource allocation in Lake Dongting, it may also lead to a moderate decrease in main channel water levels

and affect navigation during medium- to low-flow periods.
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Fig. 1 Schematic diagram of the research river section
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Fig. 2 Schematic diagram of physical model of the waterways where the Yangtze River diverges into Lake Dongting
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Tab. 1 Water level change value at Shashi Station on the main stream under the same discharge

Em3s 7000 10000 20000 30000 40000 50000
2035 -1.58 -15 -1.38 -0.87 -0.29 -0.05
2050 4 -2.57 -2.54 -2.16 -15 -0.35 -0.07
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Tab. 2 Hydrographic condition table for fixed-bed model test

PR 1R s ey SR IKAm WIENKAm
30,01 3334 W
7000 2843 33.34 Wi
2744 3334 Wit
32.82 34.07 3257
10000 3132 34.07 3257
3028 34.07 3257
35.57 36.65 36.15
20000 34.19 36.65 36.15
3341 36.65 36.15
38.06 3885 3873
30000 37.19 3885 3873
36.56 38.85 3873
41.05 41.34 a2
40000 40.76 41.34 4121
40.7 4134 a2
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Fig. 3 Prototype, model, and model - designed bed sediment gradation curves of the experimental river reach
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Fig.4 Annual runoff and sediment load at Zhicheng Station (left)

and historical changes in water and sediment distribution at Songzi Outlet (right)
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Fig. 5 Changes of sand grain gradation in typical section of Songzi outlet section after the operation of Three Gorges Reservoir
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Fig. 7 Influence of tailgate water level drop under different flow rates on the water level along the main stream reach
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Tab. 3 The ratio change of the water level drop values between Chen'erkou and Yangjianao under different flow rates

B Eims S
7000 0.076:1~0.1:1
10000 0.073:1~0.055:1
20000 0.16:1~0.19:1
30000 0.34:1~0.27:1
40000 0.172:1~0.171:1
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Tab. 4 Influence of the water level drop at Yangjianao on the diversion at Songzikou under different flow levels

B Emes BURHIE St imels 2035 4FSit AR s 2050 For A ms
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Fig.8 Quantitative prediction of erosion and deposition volume and depth in the test reaches of the main stream and Songzi River in
different time periods
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Tab. 5 Changes in the diversion of Songzikou by the end 0of 2035
2035 AFAR M TEAL

Buliiiymys  BERHIE MREmYs il AWM AR
7000 120 150 30 25.0
10000 280 305 25 8.9
20000 2540 2560 20 08
30000 3320 3350 30 09
40000 5350 5380 30 06
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ZHAEM 025:1 IBHHERT) 0.83:1, JEWEH R, RUMERAGRET, AR /RS BE 5.
MR ZE RET, 7000’ /s I 4R4IN 25m? /s, Al M SRS 20.8%, BEEREIER, TTIRMENK
B R PEEFTR AN SR, Yo e RSN Syl NS, RIS AR e e R TR B R,
ARG, WRREAERISRAK, T ESRE e B e K
£ 6 2035 ARG MK TR S ARAKT RS T 2RI STk
Tab. 6 Contribution rates of water level decline at Yangjianao and unequal riverbed scouring
to the diversion impact at Songzi outlet by the end of 2035

B2 ST EEES PZRIKAL R IR T RASKT SR TTBRARAEEL
Iméls AERMYs  FERMYs TR ERmYs STk e
7000 30 -10 -33% 40 133% 0251
10000 25 -15 -60% 40 160% 038:1
20000 20 -60 -300% 80 400% 0.75:1
30000 30 -150 -500% 180 600% 083:1
40000 30 -60 -200% 90 300% 067:1

F T S5 S I U T Hb A S50 P o AT 2R B, TR e T B R LA R 2 A M o BT B 2020 4 10 H~2024
10 AR EEE EoR, PR R Rt RE D 514 75 md, Horp O L TR B RN 165 J7 m?, XN
EX MR RN 41 T m¥a. FRERTT S, WERAAIR; 2020-2025 4F [ TF900 B A T R Ay 275 T3 md, SRR
PRRIEN 55 75 méfa. SES BEARLEARAE PRl 20— Bk, (S BB > 14 75 m¥fa,  AHXE
TRZEIE 34%. SR, %2R LR T IK AR PR 25 57 B i« AR 06 R FH 1) 2013-2017 “EAZR9F 51 (4F
Bt EmE) 5 2022-2023 FIESEMKFHILR T EN . REFERMEZESR, (AR 2 W 53456
(TR i 22 Kb F- 25 VPTE L, MOA A TR G SR & 2. AR I8 T BT &, 2020 4F 10 H~2022 4F 10 H s
DT MR BT 222 77 md, SRR 111 77 mYa, BRI 2020-2025 F IR 118 Jj mYa

CEpPRE 588 Hm®) f27E 7 Ji ma Wiz CGHXRZE 6.3%) o ZZ m LS T B BA R, FZEA
AT 2022 SEREK A SRIYIIE/K OS] (2013-2017 4E) HIfEREMZER . EARHNRE, SEEREI T
A BTG B R SR 3 v T T T IR B X384 R e, ARSI R o 2.14:1 (118: 55) , SEil%L
IEELMRIEL N 2711 (111: 44) , —F PRI S R R BN &
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SR TARIZATIR, WK MRS EOREE D5 AR AR B2 AR S R G K BRI R R A T R R, AR
PRV BERUEE RATH, & 2035 A K 730 B 2 G0 A A FRABERT K AR K RIRRIC, 2568 JR B KA 8,
PR X A 25 RGERIRRE M« MM LA b 5] B AR5 S Rl S 3501 1) 28 S 0] B/ T B R e R,
FEAR TR AL I F R A K SITIE 08, W filias 2 A ANK BHIRAE BESR TR A Bk o

AT TR AW B RY 5 BT 2 2035 AR KILAAEE D AR e s, BIAS —E MR, B EE—E R
JRBRYE . SEMARAEE I R R R B HAREOGIEG,  BRAT OISR 3RO, AU L AR (DD TEHR A TRR5E
PR E A AR Y o A I O SR TR AA S 1 0 A2 Ak, RS FU R 4 A K] A I N ed . A
RISt i IR BRI A FE e - [, R 2 R T i, A B SRR S &, U AL, 2R
BHEREIGUWEE, HEMFETHRNE D R T A AER e, A SO I R RO R IG BN AT RREE A
JESRAE—SE MR SR

5 i

AR R B AT S A T BRI B AR RIPSARHIE, S T Faig O O By, et T

TR AR ST ARAS S RIS O AR, 45BN A

(L) B TRAZEON TR B, PR 1:400; EELLROA 1:100, FIFSSHIE. KO R B
BUIATIE . BIARIIE, SFERIIRFEAREER: e AEEERIS T Zor MR T 2035 41, 2050 4K 5 AHITR RS/ AL
NRHE, SIAEANRIS 7 S0 T 2013-2022+42018-2022 F/KIP £51 .

(2) 5 1990-2002 FAHEL, 20032022 AEHHIEIRIE AL EN 3850 ity W4 90.6%; FalEI /b 445 Jit, 78
[FAP RIS 87.1%.  2003-2022 AFHAEIRIRZE B SR THPIIEDE 239 12 ne, “PHIMR 23m, RN
JeybEEAR, HAGEA R, PR O IBSTRIETL 4325 5 mé, SEIE 3.0m, [HIEARIILIOFCAE, SHREIaRY
TRERERES, SEUERMRIEREART S,

(3) PEEBASRIG AT, N RRFS PR SE I AR R TR E—E N, SO, RKiE
TR TRE 7000m¥s B 2035 4E. 2050 SRR A 1.58m 5 2.57m, FRIRIFARE DR IREEROR, 2Bl
10m%. 20m¥s, HPLIR 83%5 16.7%; i 2035 FRRMEEEHFIKAL T FEAIRAME, ARA R KB K,
IYIRAE THESR, PR TR, 7000m¥/s I AEEIn 25m¥s, Rk EEIRIE 20.8%, Hh s
IKBL R SRR R DTREE J9-33%, TTIARAS S ITTHREE R 133%. BEMESGIN, & X isem oimk ekl
EBIREIER, (FHCHE 5 X T R IE I A K, e F R B F B T s 7K

6 Bt

B 1 BRE 6, B 1 ATIPRER 2 WHFRR. (doi: 10. 18307/2026. 0152)
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Attached Fig.1 Comparison of Water Levels for the Fixed - bed Model Verification in the Experimental River
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Attached Fig.2  Verification Diagram of Flow Velocity at Typical Cross - sections of the Fixed - bed Model in
the Mouth Reach (Inflow Discharge: 20000 m*/s)
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Attached Fig.3(a) Verification of Typical Branch Channel Flow Distribution Ratio (Flow Rate 20,000 m*/s)
Attached Fig. 3(b) Verification of Flow Distribution Ratio at Songzikou Inlet (Flow Rate 20,000 m?/s)
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Attached Fig4 Verification Diagram of Typical Cross-Sections in the Movable Bed Model of the Test River Reach
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Attached Fig.5 Comparison Table of Segment-wise Erosion and Deposition Volumes in the Prototype and
Model Riverbed (Below 43m Elevation)
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Attached Fig. 6 Topographic map of the diversion entrance of Songzikou at the end of 15th years in the mobile bed
model

B 1 EAREIRERR

15



Appendix Table 1 Scale table of fixed-bed model

AL EANEZ Y NI
PR 1:400
JUAATARLL )
=N 1:100
R 1:400000
IKTTSBIAHIL RN 1:1.08
TR 1:10

MR 2 BRI RER
Appendix Table2 ~ Scaling table of movable - bed model

ARASR A ERAARR LA & I
PR 125
- B 1:10
%ﬁgﬁf PR AN 1:09
TUELER 1:0.442 REHUH 1075
TARATEN TR LR 1:230 AR 1:135
PR 125
- RN 1:10
i Kt 109
S Tz SN 1:442 AR 1750
TAIAASTEARH R R 1:230 AR 1:135
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