The numerical simulation and validation results

A computational fluid dynamics (CFD) software Flow-3D was used to simulate
the fine flow field in the flume to obtain the additional hydraulic variable of the strain
rate (SR). The SR reflects the deformation degree of turbulent flow and is defined as:

SR; = (S_Z, + Z—z)/z M

The renormalization group k-¢ turbulence model (RNG k-¢) was selected to solve
the three-dimensional Navier-Stokes equation. Structural hexahedron grids were
adopted to geometrically express the entire calculation area with 1.52 million grids in
total. Based on the experimental data, both inlet flow rate (0.60 m>/s) and water
elevation (0.41 m) were imposed as the inlet boundary conditions, and the outlet water
level (0.39 m) was employed as the outlet boundary condition. Specific pressure
boundary was applied for the top of the domain and the regular wall boundary condition
was used for all walls. Converged solutions were achieved by running for 800 s with
time step of 0.01 s. The flow velocity obtained from the numerical simulation were
compared with the measured results to validate the numerical model and assess the

accuracy of the simulation results.



(1) Numerical simulation results
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Figure S1 Contour plot of flow velocity (m/s).
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Figure S2 Three-dimensional velocity vector.

(2) Validation result
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Figure S3 Comparison of the measurement and simulation flow velocity (m/s) results.
The dashed line represents 20% error.
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(a) Experimental apparatus (c) ADV instruments

Figure S4 On-site photos of experiment



Table S1 Swimming speed (m/s £ SD) and ascent time (s) for each fish (n=60) under
different trajectories

Fish Route Fish ground Encountered Fish swimming Ascent
™N) Type spee(Sllgr)n/s * velocities (m/s = SD) speed (m/s = SD) time (s)
1 a 0.35+0.73 0.25+0.05 0.59+0.74 71.12
2 a 0.40+0.64 0.31+0.09 0.71+0.65 101.92
3 a 0.12+0.42 0.29+0.04 0.40+0.42 94.38
4 a 0.13+0.41 0.26+0.04 0.38+0.41 199.54
5 a 0.12+0.36 0.26+0.04 0.36+0.37 356.81
6 a 0.41+0.62 0.26+0.05 0.67+0.62 132.656
7 a 0.11+0.44 0.27+0.07 0.38+0.47 307.984
8 a 0.97+0.92 0.27+0.07 1.24+0.95 18.06
9 a 0.09+0.40 0.28+0.07 0.37+0.41 272.84
10 a 0.63+0.83 0.28+0.07 0.91+0.83 29.54
11 a 0.27+0.59 0.29+0.06 0.56+0.59 86.14
12 a 0.54+0.89 0.30+0.07 0.84+0.88 26.74
13 a 0.22+0.58 0.31+0.07 0.53+0.58 85.73
14 a 0.23+0.57 0.30+0.08 0.53+0.57 77.08
15 a 0.42+0.81 0.32+0.06 0.74+0.79 46.43

16 a 0.16+0.64 0.26+0.04 0.42+0.64 8.78
17 a 0.42+0.92 0.29+0.05 0.71+0.92 36.78
18 b 0.18+0.12 0.30+0.05 0.48+0.14 176.139
19 b 0.81+0.83 0.43+0.12 1.23+0.87 34.82
20 b 1.51+1.35 0.36£0.06 1.86+1.36 12.45
21 b 0.49+1.87 0.39+0.14 0.88+1.87 116.128
22 b 0.43+0.60 0.45+0.08 0.88+0.60 145.183
23 b 1.69+1.33 0.39+0.15 2.07+1.33 12.494
24 b 0.63+0.75 0.91+£0.26 1.54+0.78 36.146
25 b 0.27+0.71 1.01+0.16 1.27+0.65 78.83
26 b 0.33+0.73 0.59+0.20 0.92+0.73 128.86
27 b 0.17+0.57 0.36+0.10 0.53+0.60 159.36
28 b 0.59+1.00 0.43+0.12 1.03+0.98 35.96
29 b 0.19+0.49 0.32+0.11 0.51+0.52 242.79




30 b 0.44+0.81 0.45+0.20 0.89+0.83 52.45
31 b 0.54+1.01 0.35+0.10 0.90+1.02 30.09
32 b 0.48+0.82 0.35+0.11 0.82+0.86 34.258
33 c 0.37+0.93 1.06+£0.14 1.43+0.92 42.44
34 C 0.21+0.65 1.13£0.07 1.34+0.67 182.28
35 C 0.81+1.07 1.08+0.08 1.90+1.07 14.42
36 C 0.91+1.12 1.02+0.15 1.93+1.13 32.63
37 c 0.93+0.95 1.07+0.11 2.01+0.93 38.88
38 c 0.46+0.67 0.95+0.16 1.41+0.69 75.6
39 C 0.41+0.83 1.02+0.14 1.44+0.83 45.45
40 Other 0.52+0.85 0.97+0.25 1.49+0.76 73.85
41 Other 0.56+0.76 0.58+0.24 1.14+0.85 22.17
42 Other 0.24+0.57 0.34+0.12 0.57+0.60 137.43
43 Other 0.38+0.61 0.48+0.08 0.86+0.61 271.79
44 Other 1.01+0.80 0.60+0.34 1.40+0.85 26.75
45 Other 0.15+0.50 0.30+0.10 0.45+0.53 322.182
46 Other 0.23+0.64 0.27+0.14 0.51+0.73 111.651
47 Other 0.2+0.52 0.44+0.23 0.64+0.60 210.34
48 Other 0.46+0.95 0.60+0.36 1.06+1.04 50.68
49 Other 0.20+0.62 0.44+0.25 0.64+0.67 163.64
50 Other 0.35+0.81 0.55+0.43 0.90+0.87 81.651
51 Other 0.56+0.95 0.38+0.25 0.94+1.01 35.15
52 Other 0.43+0.99 0.40+0.21 0.83+1.05 38.72
53 Never left the staging area within 1 hour

54 Never left the staging area within 1 hour

55 Never left the staging area within 1 hour

56 Never left the staging area within 1 hour

57 Never left the staging area within 1 hour

58 Never left the staging area within 1 hour

59 Never left the staging area within 1 hour

60 Never left the staging area within 1 hour




