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Changes in river regime and navigation channels downstream of
Xiangjiaba reservoir after impoundment of cascade reservoirs
on the upper Yangtze River
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Abstract: Cascade reservoirs on the upper Yangtze, after operation, will significantly change their
downstream conditions, e.g. water and sediment conditions, river regime, and navigation conditions. This
paper develops a 2D water-sediment mathematical model for the reach from Shuifu to Luzhou (or Shuilu
reach in short) downstream of the Xiangjiaba dam. On the basis of verification, this model has been applied
to calculation and analysis of riverbed scour and silting in this reach after impoundment of the Xiangjiaba
and Xiluodu reservoirs, focusing on the changes in river regime and navigation conditions in some typical
shoals. The results show that after the impoundment the downstream channel takes an overall scour trend,
which can be demonstrated with three general changes. First, in curved reaches the flows tend to take a
straightforward path though the river pattern remains curved; second, in braided reaches the branches tend to
decay while the main channel to be scoured deeper, favorable to navigation, but local deposition will happen
in some reaches, creating new shoals; last, the difference in elevations of floodplain and channel will be
increased as a result of silting on point bars and scour in main channel, which aggravates local adverse flow
patterns and deteriorates the navigation conditions in torrential shoals.

Key words: river sediment engineering; evolution in river regime and navigation channels; mathematical
model; cascade reservoirs; Xiangjiaba reservoir
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Fig. 1 Sketch of the cascade reservoirs in the upper Yangtze River
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BIFIZKF, 91~100 EHFERAEL 0.037mm (B HE 8). BERKEEFM 1~100 FFSWHENEN
0.023~0.020mms
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Table 1 Mean flow discharges and mean sediment concentrations over every 10 years before and after
impoundment of cascade reservoirs on the upstream Yangtze River
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Fig. 7 Percentage sediment concentration averages over every 10 years at Shuifu, Yibin
and Luzhou before and after impoundment of cascade reservoirs
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Fig. 8 Average suspended sediment gradations at Shuifu, Yibin and Luzhou before and after impoundment of cascade reservoirs
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Fig. 9 Erosion volumes and scour depth in the Shuifu-Luzhou reach
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Fig. 13 Navigation depths in Tonggutan reach in present situation and 30 years after impoundment of cascade reservoirs
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Fig. 16 Navigation depths in Yangliuqi reach in present situation and 30 years after impoundment of cascade reservoirs
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Fig. 19 Navigation depths in Shaojibei reach in present situation and 30 years after impoundment of cascade reservoirs

f 200m
[ e S
{ s Im 2m/s

B 21 4% B K (Q=2394m’/s, SZZ&NILAR,

Vi Y Q‘:/ 3 oy
. B 20 HIE 30 FRFRMIRAL W5 28 5 20 2E S )
Fig. 20 Riverbed erosion and deposition in Shaojibei reach 30 ’ g : o L 3 :
. . Fig. 21 Velocity vectors in Shaojibei reach (Q=2394m/s, solid
years after after impoundment of cascade reservoirs : e o ’
lines — current situation, dash lines — after 20 years)

5 kW

@ A3CEI KPR AT T KIT BRI, BRSSO BRI ATIR, FIT  BR
VRUb TR 2 AR LB, BF T T K ot B i BT AR B

@ KEEEITIE, T BRI, HoERKAMETE. B3 Do AR . B, SR, W5
WS 4 AR E BRI STRRATR Y, R ALEATIR, TR A SRS R, W T



88 XK h B #BH £ M 2015 4

LB WA RA K. SR (DRE-MME. fEm TRaH, SHEREEH - &S, B
RETHME, FREOHOES, BENTHEML: WEPNTIUKERRER. WEFME (i) EX
REFAIRER . SMPERFRZAET, HKT TR R NEEBRMESERER . FRZLAET, T
WEIIEB R, T RERTABI=AERS, ERFKRE (WEEET); R, LMK, i
REMK, MBEEARRAS, [URENITREEELES.

A FRE T EFI . BEEGOKE R ET T ROFBE FRR, NS a4 T RER 4.
WALRREITE, BEBITHRTRIEFTER, REE LK REBEE—F RGO T i3 AHIE R
Wil L HARBRGUK R, H—SEYEN TN BRER AR, FTTRFERT. B
FUKEEBITE, BUCIER FH BN, RESTRBRTAETS . FUER4FRL, UERNREE.

BEIM:

(11 A, FUXR, T&E. ZBKEEKEKILP FHAR S TRENRFRZGHTRI]. WIKFEER, 2008, 40(4):
17-24.

ZHANG Wei, LI Yitian, JJANG Ling. Fluvial Process Change of the Typical Multi-Branched Meandering Reach in the
Mid-Down Yangtze River After Three Gorges Dam Impoundment [J]. Journal of Sichuan University (Engineering Science
Edition), 2008, 40(4): 17-24. (in Chinese)

[21 Bk, HE, ARE, %. ZBOKEZ KRN DU R RE ST BYHR, 2012, (1): 53-57.

CHEN Li, YAN Xia, ZHOU Yinjun, et al. Erosion and deposition of Guanzhou braided reach during initial impoundment
period of Three Gorges Project [J]. Journal of Sediment Research, 2012, (1): 53-57. (in Chinese)

3] #&¥E. ZRIEZKEANERILFT THTREEARMBFAR]. KAOREZ®R, 2013, 322): 146-154.

XU Quanxi. Study of sediment deposition and erosion patterns in the middle and downstream Changjiang mainstream after
impoundment of TGR [J]. Journal of Hydroelectric Engineering, 2013, 32(2): 146-154. (in Chinese)

[4] 8, R¥®H, FUARE. KIPTHELESRAERBNERRREHTAN]. KARBER, 2013, 32(1):
174-180,186.

LI Ming, ZHU Lingling, LI Yitian,et al. Study on evolution mechanism and development trend of the goose-head pattern
braided channel in the middle and lower Yangtze River[J]. Journal of Hydroelectric Engineering, 2013, 32(1): 174-180, 186.
(in Chinese)

[5] #h4LB, BH, FE&K. =ik, FHLOKEZT I EIT WA R R e X L. BYHR, 2012, (3): 41-45.
YAO Shiming, HUANG Li, LU Jinyou. Comparative analysis of river bed stability of different river patterns below reservoirs
before and after commissioning of Three Gorges Project and Danjiangkou Project [J]. Journal of Sediment Research, 2012, (3):
41-45. (in Chinese)

[6] WMol fIxt, ®RA, & BHIIKARASTREEDHRELSTI. KBIEER, 2005, 16(5): 691-695.

DAI Huichao, HE Wendu, YUAN lJie, et al. Analysis on scour and deposit variation characteristic of sediment after the
operation of Gezhouba hydro project [J]. Advances in Water Science, 2005, 16(5): 691-695. (in Chinese)

[71 %&H, Br, R, F. KETHIRBERIBHONZRENR UL ORE LT THABI. Ki%E
#RE, 2006, 17(3): 348-353.

ZHANG Junyong, CHEN Li, WU Menwu, et al. Phenomena of replacement between spatial and temporal processes during the
process of reformation downstream reservoirs: A case study of middle- lower Han River after the construction of Danjiangkou
reservoir [J]. Advances in Water Science, 2005, 16(5): 691-695. (in Chinese)

8] EZFH, BRE. MFIKFRATHEEEROBEEDUD]. KRKERE#HRE, 2008, 28(3): 12-15.

Wang Zhili, LU Yongjun. Numerical simulation of unsteady flow in Xiangjiaba Hydropower Project [J]. Advances in Science
and Technology of Water Resources, 2008, 28(3): 12 - 15.  (in Chinese) ‘

(91 HRE, ESH, THFL, % AFRIUKEETHRIEEEADEETRD. KFKSIEER, 2011, (1): 28-34.
CAO Minxiong, PANG Xuesong, WANG Xiuhong, et al. Experimental study on unsteady flow and sediment characteristic
downstream of Xiangjiaba power station [J]. Hydro-Science and Engineering, 2011, (1): 28-34. (in Chinese)

[10] L, Fl=2, F4D, % KT EHTENEERKRYEILGERT]. KO RE2H, 2006, 25(6): 103-110.
FU Renshou, QI Meilan, FANG Hongwei, et al. Incoming runoff and sediment runoff to Yichang hydrometric station affected
by the projects on the upstream of Yangtze River [J]. Journal of Hydroelectric Engineering, 2006, 25(6): 103-110. (in
Chinese)

(1] KILERMETREHER . KL EHPNARZERLRUMERRTIEMERR ITEZIRITRER]. EKXK,
2008.

Changjiang Chongging Harbour and Waterway Engineering Investigation and Design Institute. The results analysis report of
the waterway construction project in the upper reaches of Yangtze river from Luzhou Naxi to Chongging Louxigou [R].
Chongging, 2008. (in Chinese)



%33 ERK, & KIBGKETHRE MRS RMIEFHEL 89

(12] BEKE, R, ERK, % KILFRPEERDH R _ERKDHEEEY 7). KARBER, 2008, 27 (4): 36-47.
LU Yongjun, XU Chengwei, ZUO Liqin, et al. 2D mathematical model for water-sediment with gravel and sand in the middle
reaches of the Yangtze River [J]. Journal of Hydroelectric Engineering, 2008, 27(4): 36-47. (in Chinese)

[13] Lu Yongjun.Mathematical modeling of degradation and fluvial process downstream reservoirs [J]. Journal of Hydrodynamics,
2001, 13(4): 107-112.

[14] Lu Yongjun,Chen Guoxiang.A Non-uniform sediment transport model with the boundary-fitting orthogonal coordinate system
[J]. Journal of Hydrodynamics, 2002, 14(1): 64-68.

[15] B4kFT. SWTLELK BEIEE B M FKIUKE HEK D RERR]. LK. FEAFKOREFRBE, 2013,

MAO lJixin. Impact of the construction of hydropower stations on the Jinsha River cascade Xiangjiaba reservoir of water and
sediment out of the library [R]. Beijing: China Institute of Water Resources and Hydropower Research, 2013. (in Chinese)




