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Fig. 1 Sketch of the Lower Yellow River
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Fig.2 Variations of bankfull discharge and average median diameter of bed sand for typical cross-sections in the Lower Yellow River
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Table 1 Statistical results of hyperconcentrated flow in the Lower Yellow River from 2011 to 2022

— pints FGE, FHEW Kk, iRy /A2 1 MR/ (kg/m®) FE R LA 3
d (m/s) #/(kgm’) fZm®  AZv @MUE ENUT O ST ENUE ST T BUble
2011-07-04 5 1 640 46.58  7.06 0.33  0.17 0.08 0.25 24.27 11.24 35.50 68
2012-07-03 7 2210 43,13 13.34  0.58  0.29 0 0.28 21.58  -0.34 21.24 102
2012-07-25 14 2510 2192 30.37  0.67  0.15 0 0.15 4.81 0.03 4.83 99
2013-07-03 32 2420 20.65 66.88 1.38  0.36  -0.08 0.28 5.4 -1.19 4.23 128
2014-07-05 5 2070 30.06  8.93  0.27  0.15 0.03 0.19 16.96 3.83 20.79 82
2018-07-04 25 2910 65.61  62.86 4.12  2.57 0.18 2.75 40.92 2.80 43.72 94
2018-08-14 18 1880 16.05 29.19 0.47 -0.03 0 -0.04 -1.20 0 -1.20 /
2019-07-06 38 2980 54.69  97.91 5.35  3.71 0.30 4.00 37.87 3.02 40.88 93
2019-09-02 6 1100 11,92 474  0.06 -0.02 0.03 0.01 -3.93 7.03 3.10 /
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2022-07-14 10 1610 38.50 13.88 0.53  0.18  -0.02 0.15 12.80 -1.69 11.12 115
2022-08-13 19 745 19.31  12.24 0.24  0.06 0.07 0.13 4.58 6.07 10.65 43
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Fig.5 Relationship between siltation efficiency and average sediment concentration in hyperconcentrated flow
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Fig. 6 Relationship between scour efficiency and average discharge in clear flow
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XN K B TR RR R4 000 80 42, 1042 m*, X RL /MRS K EHE D B35 4 42, 1.5 42 v, RAZK TS
PREEREER, ARG T BT e v Ak L K R A SR A IR BT (R 2)
R2 FRERAFZFHTRDVLEERRRE

Table 2 Sediment disposal and deposition amount under different runoff conditions BfL. {Zt
AW UL o
Frk 2 \ ‘ - \ T EL
T 7K phl GIRGS RAb i it
FIKAE .12 0.39 0.39 1.90 2.72
FIKAE 0. 66 0.27 0.39 1.32 1.29
hlizKAE 0.19 0.14 0.39 0.72 0

4.2 N Tk ERE R A8 S ARBE R A KB E SRR

TESCELE] T I BEAN IR R A LA b, AT B A LA T A5 BEANIA R, BB 1k B o g 9t 1
RGO, A R UE T i EAE A A AR, BISCa AT R, S & K Y KT 2 000 m'/s
B, A LR SER B IR FR L B R T 80% 5 ~F-¥ii i /T 2 000 m’/s B, SRR LU e /INAT AR 22 43% ., [A]
U, A TR IR VIR R R DU R R B, PR RS FE PR R T 2 000 m’ /s, W ZKOK I N T
800 m’/s B, At LA 5] B S AR R MU IR s ORI s PRI E R T 1 800 m’/s B, JEARR Iy il
BRI, ST B ok 3] = AL 89T B i U8 VD IR FRAE R A DA A Tl B i Il R, T Lk A T PS4 3 A
800 ~ 1 800 m’/s i il N /K At 2

T B — UL R, A SE B4t i A0 s B VD st /K A I B) A R 48 A, 2 55/ INTREC /K P IR 7K R 70 37 B2 A
G55, MTERGA S| — R SER TR IR S B A, FERER R E 5 d &AL, [FEF, Sh#Es T
WA M, T X D RRIEA TR, A TR T N/ DML 4 600 m’/s L KTV R
B A K B B K R BT T R /K R R K AR R ER

SKRINTT, ASWFFEEE IR R AR AR % 70 70 R HK VD VIR A HEVD ISR R 4%, (RIS SEB B TRT F i AN J AR LA
K ERRE AR AL, (EARF MR, LR R T RO A 0, RSP T, 075
SOARYE AT A PP MG, REAAEFE AR TR AR A TIE S, i, AR ARIR AR ROR, AR BEE 1

U R AR TR MV s MBS KAE , IR — A /KA AR ST 2 5 o V00 4 42
IKEEHED I
5 4 it

2011 AE LK E T I AERE AR IR A, T 2011—2022 4F T i S /K VB BERMIF ST T /INIR IS K J2E 114 18
PEAE T L BT A R K VD AR ERRI R SE AR, St T 3 BB T T3 R R K YD IR AR R, R REE IR
W

(1) /N XS BT WK Ul R B A PR A BT E T, s & U K R AR B Ee /D, (b
R, FEAEPETIIRT 2 000 m’/s RS ; WEAKIR AR SR, Hba SN, FEEPTEIER
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/T 2 000 m*/s BT EESL
(2) 0 MR AR A S K R R K B R R . @ S W /K A IR AOR 5 2 & vb i 2 1E A
KR FR, WEAOKIIRIRCR 55 R B A B R 5 AR VD /K Jx #7 FUE i sE mi RN ,
(3) WHEF . P MKAERARRIRAK M, WKAKSCRIHM AR TokE | Y, Fin= . P&
BTN PV I ) 0 1 2o 1= s M s w1 7N [ B W= b T ¢ 7 o e I o A8 R 1 R BT R LR/
B, XFAAEBE RS R AR Tl S e
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Scouring and silting law of the Lower Yellow River and water and sediment
regulation indicators after the regulation of Xiaolangdi Reservoir *

CHEN Cuixia'*, ZHU Chenghao'*, ZHAO Xiang'?, GAO Xing'?, LUO Qiushi'”

(1. Yellow River Engineering Consulting Co. , Lid. , Zhengzhou 450003, China; 2. Key Laboratory of Water Management and
Water Security for Yellow River Basin, Ministry of Water Resources( Under Construction) , Zhengzhou 450003, China)

Abstract; In order to scientifically guide the practice of water and sediment regulation of the Yellow River, an
optimization was necessary for water and sediment regulation indicators according to the law of scouring and silting in
the Lower Yellow River after water and sediment regulation of the Xiaolangdi Reservoir. For this purpose, 121 water
and sediment processes at different sediment concentrations measured in the Lower Yellow River from 2011 to 2022
were selected to analyze the water and sediment characteristics, and the relationship between the efficiency of scouring
and silting and the water and sediment conditions. On this basis, water and sediment regulation indicators were
proposed to ensure generally no siltation in the Lower Yellow River and no reduction of the discharge capacity of main
channel. The results showed that: (D The Xiaolangdi Reservoir has a polarized regulation effect on the water and
sediment process in the Lower Yellow River, that is, the sediment in the high sediment concentration flow (average
sediment concentration S,, >10 kg/m’) accounts for 94% in the whole year, and the water in the clear water flow
(S,, <1 kg/m’) accounts for 85% in the whole year. @ The silting efficiency of high sediment concentration flow
has a positive linear correlation relationship with the average sediment concentration. (3) The scouring efficiency of
clear water flow has a positive logarithmic correlation relationship with the average discharge. (@) For high sediment
concentration flow, in a high flow year, the water volume regulated is 8 billion m’, the average discharge is 2 000—
4 600 m’/s and the average sediment concentration is 50 kg/m’; in a normal flow year, the water volume regulated
is 1 billion m*, the average discharge is 2 000—4 600 m’/s and the average sediment concentration is 150 kg/m’;
and in a low flow year, no sediment is discharged from the reservoir. For clear water flow, it is necessary to avoid

water flow process with an average discharge of 800—1 800 m’/s.

Key words: law of scouring and silting; water and sediment regulation; water and sediment process; Xiaolangdi

Reservoir; the Lower Yellow River
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