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Evolution process and mechanism of mid-channel bars composed of different bed materi-
als in the Upper Jingjiang Reach after the Three Gorges Project operation”

Mao Yu, Xia Jungiang™ , Zhou Meirong & Deng Shanshan
( State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, P.R.Chi-

na)

Abstract. After the operation of the Three Gorges cascade reservoirs (TGP ), the mid-channel bars (MCBs) downstream of the
dam were generally scoured and shrank, which directly affects the river regime in ana-branching reaches and the stability of the
navigation channel boundaries. The morphological evolution processes and mechanisms of MCBs in the Zhijiang (ZJ) and Shashi
(SS) sub-reaches of the Upper Jingjiang Reach were analyzed, using the remote sensing images, the hydrological data and the
measured riverbed compositions. The results indicate that: (i) During the post-TGP period (2003-2019) , the sandy MCBs in the
SS subreach shrank more significantly than the one in the Z] subreach. The total exposed area of the former decreased by 31% ,
while the latter decreased by 24% ; (ii) Guanzhou (GZ) and Jinchengzhou (JCZ) were taken as the representative sandy-gravel
and sandy MCBs, respectively. During the post-TGP period, the head zone of the GZ MCB was relatively stable, and the reduced
area was mainly in the bar-tail zone due to the illegal sand mining, while the JCZ MCB had a more obvious erosion trend; (iii)
The bed-material composition had an important influence on the erosion degree of MCBs. The GZ MCB had a stronger anti-erosion
capacity than the JCZ MCB, which was related to the less amount and duration of bed material that can reach the incipient condi-
tion in a hydrological year. Moreover, different empirical relationships were developed between the exposed area of MCB, fluvial
scour intensity, and relative water depth. It is found that comprehensive consideration of the effects of flow-sediment condition and
bed-material composition adjustment can better explain the recent variations in the exposed areas of MCBs.
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Tab.1 Landsat images information and extracted areas of mid-channel bars (MCBs) in study reach
Kpin/ LA PR A H 28 Y km? B R km?
m SGUN TN OMIARUN KRR S KRR =N Sl BB Wi

19950227  36.03  4.68 173 215 269 864 133 256  3.09 855 18.31
19990222 3544 487  1.69 211 268 879 092 198 329 867 17.66
¥ 20000201 3560 463 18 210 243 924 135 202 392 858 18.76
20010110  36.16  — — — 225 838 058 111 284
20010218 3546  4.93 136 - - - - - - - 1515
7720020105 3577 450 150 1.89  2.60 855  0.67 168 353  7.90 17.02
20030329 3543 494 170 210 296 894 137 233 545 874 21.05
WK FEE KRRV IR/ % +6 -2 -2 +10 +4 +3 -9 +76 +2 +15
20040408 3594 473  1.60  1.94 259 875 077 223 501 827 19.35
20050222 35.40 493  1.67  2.07 258 914 199 212 381 867 19.64
20070127 3549  4.67  1.53 200 225 9.05 197 128 438 820 18.92
20080215  35.69 452 123 1.85 228 863 207 077 347 7159 1722
s 20090116 3593 418 119  L72 219 814 211 055 253  7.08 1551
K 20100220 35.83 431  1.56  1.88 230 889 258  0.64 274 774 17.16
20101205  35.83  4.15 146  1.80 224 843 223  1.04 245 741 1640
20131229 3578 323  1.53  1.87 213 858 181 138 253  6.63 1643
20150101 3593 — 152 178 200 833 132 1.02  1.80 — 1445
20170122 36.04 3.03 1.5  1.89 201 831 090 137 153 644  14.13
20171224 3599 3.02  1.52  1.92 2,00 816 055 115 195 646 13.81
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Fig.2 Main steps for extraction of MCBs
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Fig.3 Longitudinal variation of median diameter of bed material in different years
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Fig.5 Planform evolutions of representative MCBs before and after the TGP operation
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