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Abstract: The downstream water level of the navigation hub is often lower than the designed lowest navigable
water level during the dry season because of the factors of released clear water, sand mining and waterway dredging,
ete. It will lead to problems that the water depth of the lock threshold and the submerged water depth of the water
conveyance culverts are both less than the designed values and the maximum water head exceeds the designed water
head. In this case, the normal operation of the ship lock may be affected. In response to the problem of a certain
constructed hub, systematic analyses are conducted on the characteristics of the downstream water level changes of
the dam and the characteristics of ship types crossing the dam in the past two years. The ship sinking index and
surplus depth during navigation are calculated when the downstream low water level is beyond the design standard.
The hydraulic characteristics of the ship lock filling and emptying process are studied under the reduced initial water
depth and the increased water head conditions by mathematical model. And the corresponding hydraulic conditions
of the filling and emptying system, the valve working conditions and the ship berthing conditions in the lock chamber
are analyzed. On this basis, the opening modes of the valves are put forward based on the changeable downstream
water level, which can optimize the hydraulic characteristic index and improve the berthing conditions of ships in the
lock chamber. In addition, the engineering improvement measures of the valve system and the ship draft control
parameters are given under the small submergence depth situation, so as to reduce the impact of downstream water
level drop and ensure the operation of the ship lock.
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Tab.1 Characteristic elevations and cross-sectional
areas of filling and emptying system
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Fig. 1 Layout plan of filling and emptying system of ship lock (elevation; m; dimension; mm)
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Tab.2 Analyses of downstream water levels
in recent two years

AEY T UFEAKAL/m B AR i Lt /%
0<-<2.00 6 0.03
2.00<-=<2.50 47 0.27
2.50<-=<3.00 73 0.42
3.00<-=<3.50 287 1. 64

2021
3.50<-=<4.00 2 108 12.03
4.00<-<4.50 3513 20. 06
4.50<-<5.05 3157 18.02
=5.05 8 325 47.53
0<-<2.00 24 0.14
2.00<-<2.50 648 3.70
2.50<-<3.00 1190 6.79
3.00<-=3.50 1 360 7.77

2022
3.50<-=<4.00 1739 9.93
4.00<-<4.50 1755 10. 02
4.50<-<<5.05 1221 6.97
=5.05 9577 54.68
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Tab.3 Ship types crossing dam in recent two years

AEfy SN B R A7 L%
0=<-<500 50 670 35.55
500<-=<1 000 23 625 16.57
1 000<-=2 000 46 634 32.71

2021 2 000<-=3 000 12 302 8.63
3 000<-=<4 000 7 387 5.18
4 000<-=<5 000 1853 1.30
>5 000 76 0. 05
0=<-<500 44 317 36.74
500<-=<1 000 10 612 8.80
1 000<-=<2 000 36 557 30. 30

2022 2 000<-=3 000 14 636 12. 13
3 000<-=<4 000 10 936 9.07
4 000<-=5 000 3431 2. 84
>5 000 148 0.12
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Fig.2 Comparison of ship draft crossing dam
in recent two years
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Tab.4 Sinking index and surplus depth of

designed 2 000-ton class ship during navigation
under different low water conditions

TUFKNL4.55 m TU#KAL4.05 m FUHFKAL3.32 m
TR, w4 TURE/ O Em4e TUE 54
m IK B /m m KB /m m K /m

ks
(ms™)

0.4 0. 090 1. 810 0. 084 1.316 0.078  0.592
0.6 0. 107 1.793 0. 104 1.296 0.107  0.563
0.8 0. 130 1.770 0.133 1.267 0.147  0.523
1.0 0. 161 1.739 0.169 1.231 0.199  0.471
1.2 0.198 1.702 0.214 1. 186 0.262  0.408

4 BERERKGE THEKKNEGSEEE At
4.1 KKK ITREEXT e
PR B KK Sk EiKs 1, S, ik

W IIF R ] £, =7.00 min, 7E3% BT IF R 95 2
T, HE T WKL H 5. 05 m AR Z A R K 7
g AKK IR, B ROK T RAE(EXS FE L3R 5,
Kt Hy7K oS a) B iz 177K Sk AL O R 3
B @RS, TUPKALH 5.05 m [ 4. 55~
3.32m B, 7% FK B A B 10. 23 min fE K F
10. 33~10. 62 min, FE/KFKRILEH 329 m'/s BN
| 337~355 m'/s, FE/K I JER I TR A e g K
Sl 1.5 m [BE-0.95~0.79 m; 2 /K i a] i
10. 90 min #EH F 11.03 ~ 11. 35 min, /KHKH
1 309 m*/s HEME] 316~332 m’/s, MK RS ER
T TR J77K 3k -0, 87 m fEZE-3.61~-1.66 m,

SIFR AL, FEKEEER 1.0% ~3.8%,
FEAKE RGN 2. 4% ~ 7. 9% ; ik K B} 7] %iE K
1.2%~4. 1%, oK K& 2. 1% ~ 7. 4%
130 R E S R A VA [ S e ) 51 I N L
Fe . MK S R IE ) B R AR, 2 R K AR
% 3.32 m B, KRS ERE 7K/ NF-3.0 m,
ANRETH FERLIEEK

370 ¢ R 51250
o FoKE R ]

360 F A FLAKHH] 1 12.00
I 11150 E
£ 350 {1s0 £
= b =
B 340 ¢ J100 &
o] ] %
X 330 F 11050 &
'S 1

320 F 1 10.00

310 : ' ' ' ' . 19.50

150 155 160 165 170 175 180 185
7K3k/m
a) 7K
350 o 1 13.50
o FE/KE A i ]

340 A FT/KIE 1 13.00
330 b 31250 €
& ] £
= ] =
@ 320 F 11200 £
K 310 F 11150 &
=S ]

300 F / 11100
P S N S S R R DI STy ||
150 155 160 165 170 175 180 185
Kk/m
b) itt7k

B3 mRARE. WkEESEITKIHXR (£,=7 min)
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Tab.5 Hydraulic characteristics of original water conreyance method under different downstream water level conditions

it T KK/ B FTkEgk EE 1] 4 0K K A FoRuitaE FEKEOMK R S AR 15
Kfi/m  IKfi/m m TH WA T/min EER%  ROKWE Q,,/(m®sTh) /% FARHEF7K K m
20.6 5.05 15.55 K 10.23 - 329 - 1.50
20.6 4.55 16. 05 FEK 10. 33 1.0 337 2.4 0.79
20.6 4.05 16. 55 FEK 10. 45 2.2 344 4.6 0.09
20.6 3.32 17.28 FEk 10. 62 3.8 355 7.9 -0.95
20.6 5.05 15.55 itk 10. 90 - 309 - -0. 87
20.6 4.55 16. 05 itk 11.03 1.2 316 2.1 -1.66
20.6 4.05 16. 55 itk 11. 17 2.4 322 4.3 -2.45
20.6 3.32 17.28 itk 11.35 4.1 332 7.4 -3.61
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Tab. 6 Comparison result of ship berthing conditions in lock chamber
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20. 60 m—5.05 m 7.00 329 1.21 13.27 1.52 2.57 5 2.6 0.52 0. 36 0. 89
20.60 m—4.55 m 7.50 327 1.15 13. 14 1.52 2.55 4.5 2.6 0.58 - -
20. 60 m—4.05 m 8.00 325 1.09 13.01 1.52 2.54 4 2.6 0. 65 - -
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Fig. 4 Valve opening modes and hydraulic characteristic

curves with constant maximum flow

5.2 MRARERASIERIRITTIRE Ot

PN el i AR (YRR =g R ERIE S
P, BRI EURKRGE, SIA E, FoRstKid el
2K L B T AR U RE . WESE R B, R

KPR IG , BT KSR R, RS K I ]I
) 4 foe R it B AN 30T, (H H B R BB AT 4K
KFPFEBIT&M, S FHfKAIH 5.05 m BELE
4.55~3.32 m W, [ % 78K o FR A K LEfE 3G N
1.8%~8.4%, X, #—L0H5¢ 7 ] BT
Tk

K TAETFARIEE AT, DU AR F] T80 R 4%
HAAE, SRR R AR K A 45 Hh 58— 6 L A
RECREAS M Ao S B it 2% 1 i 1] ] I )3 =X
t,=7.00 min, FHLIFEE n, =0.35, EHLAFE ¢ =
2.00 min, [JTIFE TR E, g b ds
PEWIE 5, SRHABEITE Jr =05, Fokad fim 2K
SF-ETHD HURE e K AA 24 A o S s 1 2 T Y
R ECRE, J3 A Aa ) & MR AT 25 0 5 D ik
T RIK Sk Kz 47 77 08 IR S 22 5RO
TR AR ARSI 22 4

FEKBTTH BT E T, W R #ERES
JFE BT R RK Sk I R TT I8 R — 2, Tk
PIFEAR 2 4.55. 4.05 F13.32 m i, FE/KIRIT)E
JER T T S 7K Sk 43908 0.53 . =0, 17 F1-1.19 m,

420 p — g - F#KA4.55 m 714

360 £ TUPRA4.05 m - TUEKAE3.32 m EDP

Eo- - Bt &IRE - - - KSR S 1

300 E g e e—mmme 10
Ty 1og B
T 240 ; ] 0.8 =
5 180 E 106
1= E ] =

=120 F 104

60 | 102

1 0.0

0 120 240 360 480 600 720 840
IRF[a)/s
a) Mk

6 112

Eosp g 310

Z aF S it 1os
EEE: g ’ K455 m Y 70 gy
2 S f wo FUPKAA0Sm o
E °F --= FlEkfi332my V0 =
= f S WA | E

B2 - IR 04

% E
WoLE Jo2
= [ ]
L 30.0

0 120 240 360 480
/s

b) LhfiE
5 RALBERTHFEKBEITEERF RN RAK I
Fig.5 Valve opening modes and hydraulic characteristic

curves with constant maximum specific energy



- 120 - K oiE L A2

2025 %

5.3 W&ty S eE i

SEEHKAK T A A 5 W A0 5, 42
MgiGiztrir: 1) Y T#KATES. 05~4.05 m
F, M FEK IR ¢, =7. 00 min [AIBRFF)S, 15
HUFEE n,=0.35, {5HLEFE] £, =2. 00 min, itk &
IR £,=7.50~8.00 min #ZIF R, 2) M4 R
IKPIAE 4.05~3.32 m BF, FIAIFE . K ]S A
ETUATE—E RN, 456 A S
S THUBR T AR /NS BOK TR A, RO AR i
KR B AR 18 AT e i i, SR TTIHE A SR8
) SERINER S TRk iy 27 WYk SR A
SR PRI 1A 588 30 3 A= ot e o T R 10 1D s
A

1) WFFEER 2RI KA LR T SR ATk
PiREIRASE L 1.0 m BF, 5K TR A ¢, =7. 00 min
[EJITR, ST 1, =0.35, (5L £, =2. 00 min;
WK TR £, =7. 50~ 8. 00 min HELETT S, HEH
W 7 S0, BT R AT O A7
FEAARZ KBS 2.6 m, FHEAAIE S ) 2 A AT A K
F 1.0 m/s,

2) WEFEEE LA I T KA LT SR R A
IKAEBEMRAE 1.0~ 1.7 m B}, FEMRIK T450) . 4
JERZEH | % FR B A B AT A R 2 R T
B, BmATE ., WOKRITRGE AT SE, WX
1R 5 R T R e, DA i R A K 7 T R
185 Bz AR ) s [a] At o I S50 oz 7K o A
HEAE 1.9 m, MEAAEE R TS AT A KT 1.0 m/s,

SE 3k
(1] BRI, kB, &7, 6. RINARAL T il R T Yk 4
FE BRI 43T [T, 7KiB T2, 2014(4): 138-142.
OU C, TUO Y J, SHU D, et al. Causes analysis of
declining of Changzhou hub

undercutting  water

[2]

[3]

[4]

[5]

[6]

downstream riverbed [J]. Port & waterway engineering,
2014(4): 138-142.

PELHRN, FEAIURS, RAC4C, 55, PRV UNAR AL T i 3Bt
KL B e AE K 8 P G (0] K B UK I8 TR 2 4R,

2014(3): 42-48.

PANG X S, DU J M, JIA DD, et al. Water level drop
characteristics and its control measures for lower near-

dam reaches of Changzhou hydro-junction on the Xijiang

River [J]. Hydro-science and engineering, 2014 (3):
42-48.
Ty, W ME, WA, 2. 25 N ZE R PV P

A B KA ISR (], P EKE (T2EA),
2020(22): 97-98, 101.
MA A X, CAO M X, HU Y, et al. Characteristics of low
water level drop from Changzhou hub toJieshou section of
Xijiang River under the influence of multiple factors[J].
China water transport ( the second half of the month),
2020(22): 97-98, 101.
AT, BAAL L, BB, A5 TTPR T YD BR VL = A P I
PR AR B 52 MR [J]. T R 2 4k (A AR,
2022, 50(4): 1-6.
ZHENG J H, BAO S Y, ZHANG W, et al. Effect of
channel deepening on the evolution of peak water level in
the Pearl River Delta [J]. Journal ofhohai university
(natural sciences), 2022, 50(4): 1-6.
FHR B, SCBREE, SOf, 55, IR K Ui et
{RIK A 32 17 B 5% ) Je X 3K [1]. /K iz T.#2, 2023 (9):
158-164, 197.
YIN B Y, WEN Y L, MO X, et al. Influence and
countermeasures of lower reaches of Changsha Hub
operation below design low water level in dry season[J].
Port & waterway engineering, 2023(9): 158-164, 197.
JEBETE, s, P, I HUR K AL A B TR R 0
BPESPHTRAIE[ )], RG24, 2011(5): 1-2, 10.
HU X W, TANG Y, RUL D F. Analysis on necessity of
water level regulation project for Shuikou downstream
hydro-junction[J]. Dam & safety, 2011(5): 1-2, 10.
(T#% 164 1)



