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Fig. 1 Typical water level variation and annual throughput of the Jiangyin Lock
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Tab. 1 Overview of open-gate operation application cases
v B HiRAR ] LUESN 3

e I o W W (Rndmed K m) i TR
1 PAREEPE L 11 1000 Wk 180%23%4.0 BB Wy
2 Pl 11 1000 Lk 180%23x4.0 TIa B B 51K
3 THEE S ] 11 1000 Wk 230%23%4.0 SR O] Wy
4 TRICUE A ] 11 1000 Lk 230x23x4.0 C L ST ESaNElg| Wy
5 FEUSA I 11 1000 Lk 230x23x4.0 FERBRITON] Wy
6 R A \% 300 Lk 160x12x3.3 T Ea KT ar] W
7 JUETF U ] 11 1000 Wk 230%23%4.0 T E I O] Wy
8 mpEsti| \% 300 Lk 140%16%3.0 M ERILAN] W
9 S J AR AL ] 11 1000 PALLL 230%23%4.0 Pl NENTI S =ru | Wy
10 ERE A ) 11 1000 Lk 230%23%4.0 R 1] Wy
11 B ] \% 300 Lk 200x12x2.5 L PTIBHYT E W
12 Fii 22 U S AR ) v 500 PALLL 160%23%4.0 KEILAEAT] W
13 Je e 11 1000 Lk 180%23%3.5 FARVEATNSINETN| Y &AL
14 HHZ A ] i 1000 Wk 230%23x4.5 BHAIERITE] Y &AL
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16 L 11 1000 Lk 240x23x5.2 VLAEIZT HE 0] WK
17 JRIT T 11 1000 Lk 240x23x5.2 VLAEIZT HE 0] WK
18 YRR L A ) I 2000 Lk 280x23x5.2 VLAEIZT HE 0] WK
19 AR TR II 2 000 WL 280x23x5.2 VLEE R HER )] JEK
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Fig. 2 Distribution of open-gate operation application cases along the Yangtze River
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Tab. 2 Operational criteria for open-gate operation in actual projects
T R bR BRAE

3
0

iH i I A5 2 b/m

Ahjim/m Yy, lim/(M/8) Vs lim/(1/8) ALjim
1 VLB 111 23 0.30 1.50 1.60 50~60 m
2 P4z i) 11 23 0.30 1.60 1.80
3 TR HE AR 11 23 0.30 1.60 1.60 1~2fE MK
4 FEUS M ] 11 23 0.30 1.60
5 ERHE S ] 11 23 0.30 1.60
6 st 111 23 0.30 1.00 H#70~80 m; 2545 150~200 m
7 Je AR T 111 23 0.30 1.00
8 JUTHE 7] 11 23 0.30 1.60
9 TR ] 11 23 0.30 1.60 1.60 50~100m
10 ST 7] v 23 0.30 0.80 —
11 R3]l \% 16 0.30 1.40 —
12 T i ] \% 12 0.20 —
13 S ] \ 12 0.20 1.40 1.40 1~ 21K
e T Al Vwtims Vstims ALim 7 BIHAR v veo ALBYIEHIFR(E
SrbrEe 2 af .

(1) T8 7K A7 222 7K Ao 22 BR A5 1) 22 S8 BEAF O, 24 =23 m B, Ahyin 38 EH 0.30 m; 24 5=12 m B, Ay W]
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Fig. 5 Safety control indicator system and recommended evaluation criteria for open-gate operation

A




F2 FEHEI, A MRG0 ) T RSB S e i 43

3 EATHRMRR R i K TR A A

31 EBITEHRERZE
BT R TEARMA R 5 BARAE, FE s T S E B — N RGP RIS R, T T
WAT-2607 =AHrBe, Ha e & 6 s, BRI E .

Mot | | mmme | o e S5 | e
T e T —  iS———
FEilE bR D RALE I 25 i i AR AR R ‘
K HLRRAE : Ahjiny Vi, lim Vs i AL, :
- ”Ak ””””””””” [ »RHLA,AK ””””””
{vw <V lim Ah < Ahy, {AL = ALy

K6 TFi s & FoE AR
Fig. 6 Logical flowchart for setting operational criteria for open-gate operation
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(VAR , 2 HX LA 3 ] ] 0813 ol A ) PO (ST ek, RPRLAETFad IR 25 R ARERATEY N 1000 t 2B
OB 58 m) #1115 2x1 000 t BN o ARIEHTIABIE I7 1%, BOE H AR IFIT 8 s 17 4640F, i3k 3 frs .

x3 ALMBFERZITERYE
Tab. 3 Operational criteria for open-gate operation at the Baishan Lock
ST BT
B K22, Ah<0.30 m

[if] 2 A, v < 1.6 m/s

W I A

WA T 2% MR, 25 ZAFANEAL = 58 m., AT EZAIIEAL =116 m
RO, v = 1.
T 4 P [Fl 2=, vy =1.6 m/s

IRk 72, Ah<0.30 m
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Research on the engineering practice and safety control of

open-gate operation in locks

QI Chunfeng', ZHANG Mingjin', OUYANG Qunan', YANG Yanhua', WANG Danyuan®

(1. Key Laboratory of Engineering Sediment, Tianjin Research Institute for Water Transport Engineering, Ministry of Transport,
Tianjin 300456, China; 2. Anhui Provincial Group Limited for Yangtze-to-Huaihe Water Diversion, Hefei 230051, China)

Abstract: The open-gate operation (a mode in which the lock gate is opened to allow vessels to pass quickly and freely
when the water level difference across the lock is minimal) can significantly enhance the navigation efficiency of locks.
However, it also introduces notable navigation risks and safety challenges for lock structures and equipment. In
response to the current lack of systematic and universally applicable safety control standards in the promotion and
application of this mode, this study first conducted a comprehensive review of the engineering application status of
open-gate operation in China. The analysis indicates that this mode is predominantly applied to two categories of locks
in China: tidal estuary locks and inland canal locks with specific hydrological conditions that allow bidirectional head
adaptation. While significantly boosting lock throughput—for instance, reducing passage time for a 1,000-ton vessel
from 30-50 minutes to 3—5 minutes—the operation introduces two core safety risks: gate operation under dynamic flow
conditions and vessel navigation within the highly confined lock chamber. To address these risks, this research
established a theoretical framework based on the mechanics of gate operation under dynamic water conditions and the
theory of vessel navigation in restricted channels. For gate safety, the analysis simplified the force equilibrium during
miter gate operation, identifying the water level difference across the lock head as the dominant factor influencing the

operating force, which is critical for preventing overload of hoisting machinery. For navigation safety, by considering



%2 FEHEI, A MRG0 ) T RSB S e i 47

the lock chamber as an extremely restricted channel with a typical cross-sectional coefficient (7) between 1.5 and 3.0,
the vessel’s navigation state was theorized to be a function of chamber flow velocity, vessel speed, and inter-vessel
spacing. Consequently, a safety control framework was constructed with four parameters —lock head water level
difference (Ah), lock chamber flow velocity (vy), vessel speed (vs), and inter-vessel spacing (AL) —as the core
indicators, covering the entire “opening—navigation—closing” cycle of open-gate operation. Building upon theoretical
analysis and synthesizing practical engineering experience from multiple locks, this study proposes graded safety
control standards. The recommended limits are categorized based on key influencing factors: (1) The water level
differential limit (Ahjip) is primarily related to lock chamber width (b), with suggested values of 0.30 m for =23 m,
0.25 m for 5=16 m, and 0.20 m for b=12 m, derived from both empirical practice and theoretical safety margins, despite
higher values observed in some dynamic tests. (2) The chamber flow velocity limit (v 1im) is graded according to lock
class, proposed as 1.6 m/s for Class III and IV locks, and 1.4 m/s for Class V locks, representing a 70%—80% reduction
from typical approach channel standards in view of the restricted chamber geometry. (3) The vessel speed limit (s jim) is
also class-dependent, suggested as 1.6 m/s, 1.5 m/s, and 1.4 m/s for Class III, IV, and V locks respectively, with a
minimum speed of 1.0 m/s required to maintain steerage. (4) The vessel spacing limit (ALjy) is based on vessel type
and load condition, recommending a minimum of one times the vessel length for convoys and loaded vessels, and two
times the length for empty or lightly loaded vessels. Based on this indicator system and the hierarchical standards, a
comprehensive and operational method for establishing open-gate operational criteria was developed. This method
outlines specific logic for gate opening (requiring Ak < Ahjim and vy < vy 1im), vessel navigation (requiring vs < Vs jim
and AL = ALjn), and gate closing (triggered when vy = vy lim, While still ensuring Ah < Ahim). The proposed
methodology was subsequently applied and validated using the Baishan Lock, a key node in the Yangtze-to-Huaihe
Water Diversion Project, as a case study. For this Class III lock with a chamber width of 23 m, the specific operational
criteria were set, demonstrating the method’s practicality. The results confirm that the established indicator system and
hierarchical standards can effectively quantify the safety boundaries for open-gate operation. This research provides a
systematic theoretical basis and technical support for the scientific decision-making, standardized management, and safe
implementation of open-gate operations, facilitating its broader and safer application. Future work should focus on
validating these standards for larger locks and vessels and optimizing dynamic thresholds through real-world

monitoring.

Key words: lock; open-gate operation; navigation safety; safety control standard; restricted channel
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