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Fig. 1 Schematic diagram of the research area
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Tab. 1 Basic engineering information of each control gate
ErRs i Dr 44 e fLAK JEERmM A/ (msT) PR/ (m'es™) Bk fim koK fi/m
Gl VR R R 2 140.70 350 420 146.80 147.56
G2 it Y AR E 11 7 ] 3 139.25 350 420 145.65 146.37
G3 BT A T 1y ) i) 2 138.53 340 410 144.74 145.47
G4 TECTT AT W ) 7 A ) 4 135.04 340 410 143.07 143.78

2 WAIRAE

e A T 5 il o] ) — A I K 3l A
B, W TAREIs AT n] B8 & AR B9 P 3 I O AT 40,
TR R RE B T W) i K 228 flad B, B i) SR
R RGAAR T 00T RERS AR Z A 3 B

21 AR—YeKkSh HRAME

K HE B K T AR I K 5 B AT AL R — 2K B
SR EEP D wk E R} 42 %€ B. Saint Venant 7E 1871 4F
$ Y 3 2 r O R LA N S AR Oy AR )2
TR — e i ka2 35", SR Preissmann P4

HRKMWBELELIRGAETALLEARKAEEL 11



%23% 18 @A ARA RSP ESO

2025 % 2 A

A B e 22 A 20 S 2 T R 2 R A T B, JFR
FHIB R A 4 mg AR AN IE A A A 1 )
SN BB P, R P A R R AT MR AR, I
52w 7 B AT ST R A o 1 L R Sy P i
PEAT Ab B A 3 B R P 3% £ 5 R R A LA 3 g
OO FR /AW G W I WA L (B E G TR
Qi = 0ini (1
Q= MeB+2gH (2)

SO FC2) A F 1 43790 R IR 65 WiE; O 4
T, m'/s; e, B4y AT il R LI K R BE
m; H7E [ E R I I A LT 433 e T
R K R AR5 KA 22, ms MRS R EREG g
S SIHE R, m/s’,

FEAUL X 3R P 42 7% 5 > 43t (Pool 1~Pool 5) LA
Je 4 IR (G1~G4), R s BB B ARG E, e
WFFE X3P 2023 4 W IS0 Xof G v 2 R 1) 3R T b
SN 255 i TR 2 MR ESEGE TR E .
BT RGEHER 5, LU T I A S Bk 4 0 (i
AL 0 (R 2 R) A O 22 Fe /M SR H bR pR AR, TR
25 P RS 2 AL, ROHA R L 2,

R2 RERERRER

Tab. 2 Inversion results of channel roughness

Rt %/ A
EMAE  RBUERE ot R T4

R /m R7E/m R25/m
Pool 1 0.0140 0.02 0.01 0.002 0
Pool 2 0.017 8 0.06 0.02 0.0140
Pool 3 0.0193 0.02 0.01 0.001 5
Pool 4 0.0197 0.04 0.01 0.002 0
Pool 5 0.020 8 0.02 0.01 0.004 0
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Tab. 3  Fitting results of comprehensive flow coefficient for each control gate
T i ] 44 B hx PEARX R
Gl e/(Hy—H,) ¥=0.010 3x+0.708 8x+0.451 9 0.989 8
G2 e/(Hy—H,) »=—0.003 6x+1.148 5x—0.815 3 0.991 4
G3 e/(Hy—H,) »=—0.003 4x’+1.162 4x—0.497 8 0.997 5
G4 e/(Hy—H,) »=10.003 1x*+0.929 2x—0.150 2 0.993 1
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Fig.2 Simulation effect diagram of water level at the inlet control gate of Diaohe aqueduct
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Fig. 3 Simulation effect diagram of water level at the inlet control gate of the Tuanhe aqueduct
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Fig. 4 Simulation effect diagram of water level at the inlet control gate of Yanling River aqueduct
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Fig. 5 Simulation effect diagram of water level control gate at Qihe inverted siphon outlet
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Fig. 6 Self balancing characteristics of channels and ponds
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Fig. 7 Modeling area diagram
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Tab. 4 Table for setting operating conditions for threshold calculation of water disturbance
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Tab. 5 Table for setting of water diversion disturbance threshold calculation conditions
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Fig. 8 Calculation results of threshold for reducing incoming water flow rate
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Fig. 9 Calculation results of disturbance threshold

for water diversion flow
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Fig. 10 Disturbance threshold and initial flow relationship diagram
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Tab. 6 Fitting results of safety disturbance threshold formula for incoming water with different control gate openings

A= 3 1 R FF £ /m PEAX R
1 1 AQ=0.0002 Q5 —0.101 Q, + 17.075 0.998 1
2 2 AQ=0.0002 05 —0.163 O, + 38.486 0.980 7
3 3 AQ=0.0003 05 —0.2441 Q, + 58.713 09793
4 4 AQ=0.0003 0 —0.2259 O, + 64.271 0.994 9
5 5 AQ=0.0003 05 —0.2552 O, + 72.364 0.990 2
6 6 AQ=0.0006 05 —0.4404 Q, + 105.24 0.990 6
7 7 AQ=0.0005 05 —0.334 4 Q, +93.524 0.980 0
8 8 AQ=0.0005 0 —0.334 4 Q, +93.524 0.980 0

c16° HAMAESLIRZAETALALEARKMAAR
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Tab. 7 Fitting results of water safety disturbance threshold formula under different initial flow rates

5 IR/ (m'es™) UE AKX R
1 100 AQ=-11071+0.0181e=—7 0.983 3
2 125 AQ=-09256¢€"+16.039 e=—7.6339 0.983 0
3 150 AQ=-0.8065¢ +14.158 e=—7.205 4 0.984 6
4 175 AQ=-0.7173 ¢ +13.128 e=—7.473 2 0.982 4
5 200 AQ=-0.8036¢"+12.982e=—-8.6786 0.9829
6 225 AQ=-0.404 8¢ +8.690 5 e=—2.1429 0.980 3
7 250 AQ=-0369 ¢ +8369e=-28571 0.973 3
8 275 AQ=—-0.4107 ¢ +8.660 7 e =—4.607 1 0.976 7
9 300 AQ=-0.1964¢ +6.5893 e=—1.821 4 09725
10 325 AQ=-0.0595¢+52024¢+0.2857 0.968 9
11 350 AQ=—0.0714¢+53929e=—-0.9643 0.970 1
12 375 AQ=-0.131¢"+5.8095e=-2.107 1 0.974 4
13 400 AQ=-0.119¢ +5.619e=-23571 0.973 3
#x8 AEATHBAESKZEMBIBAELRKIUEER
Tab. 8 Fitting results of safety disturbance threshold formula for water diversion with different control gate openings
75 474 I /m AR R
1 1 A Q4 =0.0007 0 — 0.239 Q, +27.491 0.9918
2 2 AQ,=0.0003 05 —0.234 8 O, + 49.488 0.968 4
3 3 AQ,=0.0007 05 —0.458 8 0, +91.14 0.946 0
4 4 A0, =0.000 8 00 — 0.549 7 O, + 113.83 0.957 1
5 5 AQu=0.0009 Qi —0.621 7 0, + 128.63 0.962 8
6 6 AQu=2E-05 05 — 0.074 8 O, + 51.944 0.9810
7 7 AQu=0.001 05— 0.692 5 0, + 155.94 0.9610
8 8 AQu=0.001 06 —0.692 5 0, + 155.94 0.9610
R 9 AEVMARENKLZEMHBELAXBELER
Tab. 9 Fitting results of safety disturbance threshold formulas for different initial flow dividers
P IR R/ (m'es ) PEAX R
1 100 AQu =425 +875e-25 1
5 120 AQu=—1.1071 & +23.693 e — 14.7 0.996 2
3 140 AQu=—€+192e—11.5 0.996 7
4 160 AQp=-0.8393 ¢ +17.518 e — 11.304 0.983 4
5 180 AQp=—0.809 5"+ 15.81 e — 12.429 0.964 4
6 200 AQu=-05952¢ +13.738 e — 11.143 0.953 4
7 220 AQu=-035716+92143¢—2.1429 0.970 5
] 240 AQu=-02857¢ +82143 e—1.6429 0.970 7
9 260 AQu=—029766" +8.1548¢—2.428 6 0.9729
10 280 AQu=-032746+83274e—3.7143 0.986 2
11 300 AQ=-03929¢"+8.678 6 e—4.571 4 0.986 2
12 320 D00 =-0.1429 + 62143 e~ 1 0.976 1
13 340 A0, =-02083¢ +6.8512e—3 0.978 9
14 360 AQu=—0.107 1 +5.7857 e — 1.321 4 0.973 8
15 380 AQu=—0.047 66" +52619¢—0.928 6 0.966 1
16 400 AQu=—0.047 66" +4.9048¢—0.142 9 0.967 1
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Fig. 11 Comparison diagram of threshold verification

for water safety disturbance
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open channel water diversion projects
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Abstract: Open channel water diversion project is important to solve the regional water shortage problems.

HKMBASLIRZAELALSARKAAR

¢ 19«


https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0004
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2017.02.001
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0097
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0097
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0097
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0097
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0166
https://doi.org/10.13476/j.cnki.nsbdqk.2018.0166
https://doi.org/
https://doi.org/
https://doi.org/10.16058/j.issn.1005-0930.2015.s1.012
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0080
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0080
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0080
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0080
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0080
https://doi.org/
https://doi.org/
https://doi.org/10.13928/j.cnki.wrahe.2022.01.008
https://doi.org/10.13928/j.cnki.wrahe.2022.01.008
https://doi.org/10.13928/j.cnki.wrahe.2022.01.008
https://doi.org/10.13928/j.cnki.wrahe.2022.01.008
https://doi.org/10.13928/j.cnki.wrahe.2022.01.008
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0017
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0017
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0017
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0017
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0017
https://doi.org/
https://doi.org/
https://doi.org/10.12396/znsd.221618
https://doi.org/10.12396/znsd.221618
https://doi.org/
https://doi.org/
https://doi.org/10.27166/d.cnki.gsdcc.2020.000179
https://doi.org/10.27166/d.cnki.gsdcc.2020.000179
https://doi.org/10.3969/j.issn.1672-1683.2009.06.003
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0109
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0109
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0109
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0109
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0109
https://doi.org/10.13476/j.cnki.nsbdqk.2023.0109
https://doi.org/
https://doi.org/10.1016/j.jhydrol.2018.10.062
https://doi.org/10.1016/j.jhydrol.2018.10.062
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0045
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0045
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0045
https://doi.org/10.13476/j.cnki.nsbdqk.2024.0045
https://doi.org/
https://doi.org/
https://doi.org/10.1061/(asce)wr.1943-5452.0001080
https://doi.org/10.1061/(asce)wr.1943-5452.0001080
https://doi.org/10.1061/(asce)wr.1943-5452.0001080
https://doi.org/10.1061/(asce)wr.1943-5452.0001080
https://doi.org/10.1061/(asce)wr.1943-5452.0001080
https://doi.org/10.1061/(asce)wr.1943-5452.0001080
https://doi.org/10.13243/j.cnki.slxb.20150824
https://doi.org/
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0060
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0060
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0060
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0060
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0060
https://doi.org/10.13476/j.cnki.nsbdqk.2022.0060
https://doi.org/
https://doi.org/10.3969/j.issn.1006-2610.2022.03.006
https://doi.org/
https://doi.org/
https://doi.org/

F23% F 1 BAAESARBEFE) 202542 A

However, due to the changes in water supply demand along the line and frequent changes in upstream flow during
the operation of the project, the water conditions along the line are complex and variable, which can result in
fluctuations in the channel water level and affect the stability of the system. As a controlled system with self
balancing ability, the open channel water diversion project can withstand a certain degree of external disturbance
through its own self balancing ability when not under control, while meeting the conditions of safe operation of the
project. Studying the safety threshold and variation law of this disturbance is of great significance for guiding the
control gates.

A one-dimensional unsteady hydrodynamic model of coupled control gates was developed to simulate potential
disturbance scenarios that may arise during engineering operations. The model calculated the changes in water levels
in front of the gate under various disturbance intensities. Based on the safety constraints for water levels, we
determined the disturbance threshold that the water conveyance system can tolerate under different working
conditions. A fast calculation formula was constructed based on the relationship between upstream flow rate,
regulating gate opening, and safety disturbance threshold calculation results. It can be endured under different initial
working conditions, providing a discrimination basis for whether to enable regulating gate control.

The study focuses on four control gates from the inlet cut-off gate of Diaohe aqueduct to the inverted siphon
outlet of Qihe in the middle route of the South-to-North Water Transfers Project , as well as the upstream and
downstream channels of each control gate. Different initial operating conditions are set for calculation. The results
show that the self balancing ability mainly depends on the overcurrent characteristics of the regulating gate. When
both the downstream water level and the position of the regulating gate remain unchanged, the disturbance threshold
decreases as the upstream boundary flow increases, indicating a reduction in self balancing capability. In contrast,
when the upstream flow boundary and downstream water level are held constant, an increase in the gate opening
leads to a higher disturbance threshold, thereby enhancing the self balancing ability. The average error between the
constructed fast calculation formula and the model calculation results is less than 0.7 m’/s.

The self balancing ability and safety disturbance threshold of the canal pool are closely related to the overcurrent
characteristics of the regulating gate, which is mainly influenced by the water level difference before and after the
gate, as well as the gate opening. The larger the gate opening and the initial water level difference, the higher the
safety disturbance threshold, and the greater the disturbance amount that the canal pool can withstand. This study is
applicable to other canal sections of the South-to-North Water Transfers Project and can provide support for

scheduling decisions in water transfer projects.

Key words: open channel water diversion project; safety disturbance threshold; hydrodynamic simulation; self

balancing characteristics; control gate
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