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Influence of pier section optimization on fish migration efficiency
TAN Jie', CHEN Bin®
(1. Yangtze River Waterway Survey and Design Institute ( Wuhan) Co., Ltd., Wuhan 430000, China;
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Abstract: To solve the problem of low fish migration efficiency in fish passages, this study analyzes the
effects of different pier cross-sectional shapes on hydraulic characteristics and fish migration potential through
numerical simulation. The study uses six pier shapes, including traditional rectangular piers and five improved
streamlined piers, and compares and analyzes their effects on flow velocity distribution and fish migration efficiency
of the main channel of the fishway. Research results show that streamlined piers can significantly reduce the
accumulation of floating debris in the fishway and reduce water flow resistance, thereby optimizing the flow rate of
the main channel. Especially under the K1-shaped pier design, the maximum flow rate of the main channel is
effectively reduced, making the migration success rate of most target fish species has increased to 97%. In contrast,
the design of traditional rectangular piers results in higher flow velocity in the main channel, lower fish migration
efficiency, and much lower migration success rate than the improved design. In urban areas, streamlined fish
passages can play a better ecological role under limited space and resource conditions, providing technical support

for urban river ecological restoration and biodiversity protection.
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Fig.1 Layout of fishway
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Fig. 2 Floating objects and wood debris
accumulated in fishway
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Tab.1 Swimming ability of different fishes

A U, /(mes™) Uy /(mes™)
i 0.90~1.50 2.00~2.50
fi 0 1.30~6.40 2.00~9. 30
T £ 0.96~2.95 2.00~4.00
Ty il A1 0. 80~1.00 1.37~9.30
S fifg 1 0.50~1.50 2.00~3.30
i f21 - 0.93~4.32
1 6 - 2.62
U - 0.77~1.53
HES - 0.46~2. 40
Ja] s 0.42~0.49 1.08~1.45
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Fig. 3 Cross section of three parts
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Tab.2 Hydraulic parameters of various pier shapes in the model

i BORMIER M X (s WEm PHEE Y, /(mesT) RS v, S(mes™ ) ATEPEBREE m
S1 1.73 1.48 1.76 2.20

KO 0.200 S2 1.21 1.49 1.06 1.63 1.58
S3 0.91 1.53 0. 69 1.62
S1 1.53 1.33 1. 50 1. 68

K1 0. 150 S2 1.27 1.30 1.21 1.08 1.35
S3 1.05 1.28 1.03 2.02
S1 1.75 1.37 1. 56 2.77

K2 0. 100 S2 1.16 1.36 1.07 1.70 1.42
S3 0.94 1.34 0.93 2.57
S1 1. 69 1.38 1.51 1. 66

K3 0. 050 S2 1.26 1.37 1.07 1.82 1.41
S3 0.90 1.36 0.79 2.01
S1 1.74 1.38 1.59 1.70

K4 0. 030 S2 1.24 1.36 1.12 2.06 1.43
S3 0.87 1. 41 0.72 1. 84
S1 1.40 1.30 1.50 1.88

K5 0.010 S2 1.21 1.34 1.30 2.09 1.38
S3 1.24 1.30 0.87 2.19
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Fig. 4 Pier shapes in fishway
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Fig.5 Velocity distribution of various pier shapes
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Tab.3 Statistical results of velocity distribution of various pier shapes

{/ﬁﬁ/( mes” )

S
s FHfE i % e/ ME SN | T B 10% 0 90% gL
KO 1.76 1.91 0.48 2.20 1.76 2.02 0.97 2.13
K1 1.50 1.50 1.28 1.68 1.37 1.63 1.31 1.67
K2 1.56 1.56 1.25 1.70 1.53 1.63 1.45 1.69
K3 1.51 1.55 0.99 1.66 1.44 1.65 1.35 1.66
K4 1.59 1.61 1.09 1.70 1.58 1. 68 1.47 1.70
K5 1.50 1.61 0.18 1.88 1.57 1. 66 1.02 1. 81
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