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1. Introduction

In the present paper, results of a numerical study on the Effect of Resting Pool Area in Vertical Slot
Fishways Type 1 to Pass Chinook Salmon are presented. Finite Volume Method was used to simulate the
hydraulic of this type of fishway. Some observations have also been made on the turbulent energy and
velocity magnitude distribution along the width of the fishway channel. The analysis results were used to
present the ability of chinook salmon to pass the fishway and to establish a new set of resting pool area
equations.

2. Methodology
2.1. Finite Volume Modeling

Finite Volume Method (FVM) in modeling the flow in the vertical slot fish passage is considered in the
current research. Hydraulic mean depth is the main parameter calculated in this specific structure after
considering optimum Turbulent model using error functions and forecast error less than 0.05 percent
(Fig. 2, 3).
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After being confirmed in flow rate range presented by Rajaratnam et. al. (1986), numerical models are
simulated in order to find out the requirements for resting zone in the middle pool of the structure. The
flow patterns which are made in the middle pool, velocity distribution and layers with the same velocity
and also the distribution of turbulent energy are considered in three elevation numbers: 0.25d, 0.5d,
0.75d, according to the biological requirement of Chinool Salmon in the most critical situations that might
arise in vertical slot fishway design number 1 (10% slope and flow rate Q*=32.8) which was presented by
Hunter and Mayor in (1986).

2.2. Design and Simulating Software

The FVM-based software package, Flow-3D, was used for the numerical modeling and analysis.
Autocad-3D was used to model the solid structure of the vertical slot fishway type 1.

3. Results and discussion
3.1. Biological and hydraulically Analysis

After being confirmed in flow rate range presented by Rajaratnam et. al. (1986), numerical models are
simulated in order to find out the requirements for resting zone in the middle pool of the structure. The
flow patterns which are made in the middle pool, velocity distribution and layers with the same velocity
and also the distribution of turbulent energy are considered in three elevation numbers: 0.25d, 0.5d,
0.75d, according to the biological requirement of Chinool Salmon in the most critical situations that might
arise in vertical slot fishway design number 1 (10% slope and flow rate Q*=32.8) which was presented by
Hunter and Mayor in (1986). According to flow patterns, the central density of Stream-lines increases
when the elevation numbers are increased. (In case the number of lines is constant). This increase in the
density of Stream-lines in the center shows a great stream power; therefore the best elevation number
estimated for fish species to pass the pool is 0.2d. Velocity distribution patterns in critical situations are
expressed in three elevation numbers and shown in Fig. 3.

Distribution of velocity and turbulent energy in structure width is presented in three elevation
numbers: 0.2, 0.5 and 0.75, using transversal data extraction and also the area of resting pools is
calculated for different stages of life including Junevile, youth, and Adult, based on the biological feature of
Chinook Salmon. When Chinook Salmon is Junevile, 80.4% increase in flow rate leads to 27.84% decrease
in the area of secure zone. At the other stages of fish life (which are Youth and Adult) the same increase in
flow rate gives 25.38% and 21.91% decreases in the area of secure resting zone respectively. According to
the total area of the structure pool given in the previous figure which is 7.21 square meters, figure 3
shows the distribution of area percentage of resting zone (4,/Ar) against non-dimensional flow rate for
the three stages of Chinook Salmon life.
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Fig. 3. Distribution of area percentage of resting zone against non-dimensional flow rate
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3.2. Non-dimensional Resting pool area equations

Equations for gaining the area of resting zone and flow patterns in critical situations have been
presented in equation 1 to 3, considering different stages of life and different non-dimensional flow rates
for vertical slot fishways and the error function (R?) equals to 0.96.

Ap _ -0.191

(A\T )Juvenil _0864(Q*) (1)
Ap _ ~0.179

(_AT )Young —1-014(Q*) (2)
Ap -0.143

—) aduit =1.094(Q- 3

(AT ) Adult 4Q-) (3)

4., Conclusions

In this study, the numerical simulation results based on finite volume method were used to propose
simple equations to determining effective of Resting Pool Area in Vertical Slot Fishways Type 1 to Pass
Chinook Salmon. Four different discharge rate with the certain slope (10%) used to simulating the
migration path and resting pool of the VSF type 1 using the various stage of the life of chinook salmon
biological data. The analysis of results showed that the best depth for swimming of this type of fish is
about 0.2d. The velocity and turbulent energy distribution were compared to the biological capacity of
chinook salmon to propose the non-dimensional suitable resting pool area focusing on the stage of the life
of chinook salmons.
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