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Abstract

Construction of diversion dams in the rivers has caused many changes in these areas; so, hydraulic
structures prevented the fish migration to the upstream. Then, the construction of hydraulic structures
as fish-path for energy dissipation and improving the fishes passage are necessary. In the present
study, asymmetrical W shaped Weir are designed with the tip angle of 40 °, and the barriers with 30°,
60°, are designed with the tip angle of 90°. To recognize the hydraulic performance of fish-path,
three physical models were designed for any barrier including: 30 barriers of asymmetrical W shaped
Weir with 0.6 relative distance, a model with 15 barriers with 1.2 relative distance, and 10 barriers
with 1.8 relative distance. Based on the obtained results of increasing slope, flow discharge, relative
distance, reducing roughness coefficients of barriers height, and dissipation energy dissipation will
reduce. The square root of the ratio of 0.87 to 0.65 Darcy Weisbach on the slope 3 percent in the
relative distance reaches 1.8. The results of the experiments show that the overflow with a top angle
of 40 degrees and the relative distance of 1.2 would be the best conditions for fish crossings in the
upstream flow.

Introduction

Generally, emigrant fishes instinctively swim against flow direction to spawn and to reach to the
place that they came out of spawn. The continuance of this action leads to survival and reproduction
of the fishes. Dams, diversion and regulating weirs pose a significant threat to fishes migration
process toward the upstream. Culverts which passed half of their lifespan need replacement and
rehabilitation. Since replacement of a culvert is highly expensive, nowadays, repairing and
rehabilitation is a more appropriate solution. For this purpose, polyethylene pipes would be inserted
into the culverts called slips lining. This action reduces roughness, increases energy and culvert's
depreciation and makes it difficult for fishes to pass. Using VOF of k-g turbulence model and
organized or non-organized combined gridding, Carrica et al (2005) modeled pool weirs using
FLUENT model and finally satisfying results were obtained in comparison with the physical model.
Cea et al (2007) employed a shallow water numerical model and turbulence modeling by utilizing
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three k-¢ turbulence length model and modeled algebraic stress of vertical slot type fish baffle. In this
study, due to the hydraulic performance of AWWs, it has been decided to employ these structures as
fish baffle. It is necessary to maintain that the AWWSs have never been used as fish baffle before and
it could be evaluated as a design case. In order to achieve this goal, an experimental investigation in
this field was conducted. Parameters were considered and evaluated as newly produced
dimensionless parameters.
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Methodology

The main flume is 10 m in length, 25 cm in width, and 50cm in height. The flume's slop is
adjustable up to 7.6%. For the present study, the slops were considered to be as 3 to 7.6 percent since
fishways would be used in high slopes. Fishway structures were constructed within the flume and
AWWs were inserted into the flume along a 5-m length section, so that the first baffle was placed 3.5
m further than the entrance to be far enough from the initial turbulences. The flows ranged from 16 to
50 L/S. According to what was stated before about the flume and laboratory equipment, measuring
instruments are as follows: a precise point gauge with a precision of 0.1 mm for measuring the flow
depth through different sections of culvert, triangular weir to measure the flow rate and a camera for
high definition filming. For this purpose, AWWSs were placed at various spaces of 0.6, 1.2 and 1.8m.
Each model was tested at three slops of 3%, 4.8%, 7.6% and four flow rates of 21.62, 32.68 and
46.64 L/S and a total of 81 trials were conducted. In these trials, slope and flow rate were regulated
initially, and subsequently, the present uniform flow was filmed. Afterwards, water surface profile
was drawn by the digitizer Engage software and Reynolds number, Froude number, Moody friction
coefficient, Manning roughness coefficient and the other dimensionless parameters extracted from
dimensional analysis were calculated. To calculate dimensionless parameters, first, energy
dissipation for every single trail was computed and then roughness coefficients were calculated using
Eq (2) - (3).

2

hf=f2 Y )
D 2¢g

Energy loss (hf) over a given length, length (L), Average velocity (V) between the first and
second section and gravitational acceleration (g) combining Eq (3) with Manning's equation Manning
roughness coefficient could be defined as:

1
n=R§/f/8g 3)

Results and discussion
The Manning roughness coefficient is expressed as a function of hydraulic radius (R), Moody friction
coefficient (f) and gravitational acceleration (g).
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Fig. 1-Moody roughness coefficient root square variations versus dimensionless flow rate tested
at relative spacing of a) 0.6; b) 1.2; (c) 1.8

The diagram of Moody friction coefficient versus dimensionless flow rate g* for different models
was plotted in order to evaluate the effect of flow rate on moody's friction factor. With respect to
Fig.1, the increase in the flow rate throw constant hydraulic condition led to Moody friction
coefficient reduction. So, Moody friction coefficient root square decreases from 0.832 at flow rate of
21.62 L/S to 0.5371 at 46.64 L/S. According to the research objectives, the best fish baffle for
minimizing culvert's depreciation was AWW with two vertex angles of 40 degrees and relative
spacing of 0.6m, but as fishes need sufficient space for resting through their path toward the
upstream, the ideal relative spacing for fish passage improvement is 1.2.

Results Conclusions
By increasing the baffle's height at similar hydraulic conditions due to the rise of the friction loss,
roughness coefficient increases.

e The placement of barriers together, with the relative distance of zero (\* = 0.6), causes that
only a limited part of the barrier be effective in creating effective loss. So, to increase the
rate of friction loss, the presence of the relative distance between the barriers is essential;
otherwise, barriers will greatly miss their performance.
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Fig. 3- Moody roughness coefficient root square variations versus dimensionless flow rate
tested at relative spacing of A) 0.6; B) 1.2; C) 1.8
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Fig. 4- Manning roughness coefficient variations versus dimensionless flow rate tested at

relative spacing of A) 0.6; B) 1.2; C) 1.8
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