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Application of flow-sedimentation coupled model in Dali River Basin of Loess Plateau

BAO Weimin', HOU Lu'* , SHEN Dandan' & NI Yongxin®
(1: College of Hydrology and Water Resources, Hohai University, Nanjing 210098, P.R.China)
(2. Yellow River Conservancy Commission, Yellow River Institute of Hydraulic Research, Zhengzhou 450003, P.R.China)

Abstract: The flow-sedimentation coupled model is a crucial tool for quantitatively describing the relationship and the law of flow
and sedimentation. Studies on flow-sedimentation model at home and abroad are almost empirical statistical models of a typical basin
or physics-based model based on considerable description of the watershed at this stage, which greatly limits its usage and simula-
tion accuracy. A conceptual flow-sedimentation coupled simulation model for basins, which combines the conceptual hydrological
model with the sediment model, is presented with physical structures and parameters in this paper. Its clear physical concept, high
simulation precision and strong practicability make it easy to study the basic law of sediment. We put forward the concept of hydrau-
lic erosion capacity and soil erosion resistance capacity to estimate the sediment yields on the slopes and use logarithmic curve to
approximately describe the spatial variability of watershed soil erosion resistance capacity. The calculus formula for sediment yield in
gully and sediment concentration is respectively established based on the suspended sediment formula of the Bagnold’s River chan-
nel and by referring to the similarity of flow. The proposed model is tested in four watersheds of different scales in the Dali River
Basin and the results indicate that the model can provide a good simulation of runoff and sediment generation as well as transporta-
tion processes at both watershed scale and inter-annual time scale in the middle reaches of the Yellow River, and thus further con-
firm that the model is reasonable in structure, parameters and calculation methods. The model can be used to quantitatively analyze
the benefits of flow and sediment reduction and how their relationship changed due to various water conservation measures imple-
mented in the basin, and can be further analyzed and studied for its popularization and application.
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Fig.1 Water and sediment conceptual model diagram
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Fig.2 The structure of vertical mixing method
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Fig.3 The structure of the free Fig.4 Distribution curve of
water reservoir soil erosion resistance
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Tab.1 Statistical table of data in various basins

£ = Z[KXD - 0.5(1+Q) - 0.5(C, +C,) ( )O'SJ/RR

W4 PR Pk AL km? FORLET E] BEK IR i B2 </ min
RS- 5.97 1961— 1964 4F 10
E|{mi ks 70.70 1954— 1977 4F 10 6
7m 187.00 1960— 2009 4= 30 30
L1 3906.00 1966— 2013 4 31 30

22 B EERBRER

AR SCHEST B /K PSR SR FH o B0t T R i X P L YD LU DU A S BT R, A 4
SR E L F5 IR SE /KU Pev B AT SR E

DRI VASRY Y 15 P T BSC A AE VA T A, I A CM L BS \REMM . CGM ACM 5 A28 v



1126 J. Lake Sci.(#3a#2) ,2019,31(4)

109°0" 109°30" 110°0"
1 1 1
37°50/ ?
37940
e
> L
37°30' 3 it

o TG
37°20' 4 . » KUk
IRTEIZYE
~— KFR
. 0 10km [ diisih st

P S RBE ATt dent 4573 A

Fig.5 Distribution of the sites in Dali River Basin
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Tab.2 Calibration results of flow parameters in various basins
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s 345.95 6.18 0.13 0.65 0.50 0.65 0.3 0.05

2 250.99 7.46 0.17 0.37 0.59 0.70 1.0 0.05




0 R 5 R KIETIABKI S SRR 5 AR 1127

3 FWIIR T SRR E LR

Tab.3 Calibration results of sediment parameters in various basins
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Tab.4 Runoff simulation in Chabagou drainage area
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Tab.5 Sediment simulation in Chabagou drainage area

bS53 SV SC? /t E/% a3 piis=s SV 5S¢ /v E/% BB
19600705 1984 1285 35.21 x 19830726 8428 8737 -3.67 VvV
19600727 662 835 -26.09 Vv 19830904 3177 2273 28.44 Vv
19620811 4093 3242 20.80 vV 19850619 455 643 -41.11 x
19630826 23274 50184  -115.62 x 19850812 1885 1534 18.62 Vv
19640714 3974 2992 24.73 vV 19860703 1202 1143 4.94 vV
19660627 14062 17093  -21.56 Vv 19870826 8005 11126 -38.99 x
19700731 33599 66685  —98.47 X 19880713 4037 3739 7.40 Vv
19710723 9454 10316 -9.12 Vv 19890721 797 569 28.67 Vv
19720731 1571 1276 18.79 Vv 19900827 1503 1076 28.38 vV
19730908 3100 1561 49.65 x 19910610 3854 3519 8.69 Y4
19770811 8303 9198 -10.77 v 19950904 2709 1595 41.13 X
19780829 3109 3532 -13.61 vV 19970731 1723 787 54.34 X
19790723 1863 1417 23.96 Vv 20050807 1516 1586 -4.63 Vv
19810707 4464 3487 21.90 Y4 20060730 2347 2983 -27.07 Vv
19820708 819 1321 -61.32 x 20090719 1530 1987 -29.88 vV
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Tab.6 Statistical accuracy statistics of

water and sediment in various basins

WEL AE EY ne?
KL Ew 100%  0.06%  0.500
defdyy 100%  -4.34%  0.595
ey 100%  3.19%  0.713
o 96.8%  1.54%  0.635
PR W 53.8%  10.30%
defdvy 80.0%  —3.68%
S 83.3%  —1.08%
o 68.1%  —-1.09%
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