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Introduction

The idea of using canoe-fishway was first proposed by Hassinger (2002) and was
experimentally conducted in the hydraulic laboratory of the Kassel University. Hassinger and
Kraetz (2004) presented the general principles of the canoe-fishway design.

The idea of this new development was driven by the thought that a great number of thin and
elastic rough elements on the one hand show a good performance in energy dissipation, and on
the other hand, allows a man-driven boat to pass without being damaged. The brushes should be
both firm enough to provide energy loss necessary to help fish climb easily and flexible enough
to allow boats to pass through without being damaged and after the boats passing, the brushes
will come back to their original state. About half of the experiments in running these facilities
focuses on their application as only a fishway and the other concentrate on a hybrid structures as
a canoe-fishway. Figure 1, shows an example of such fishway type (Hassinger., 2009).

In recent years, the development of studies and the construction of rubber dams within
walking distance to the sea on the rivers in the north of the country, necessitate the need for
constructing the environmentally friendly fishway. Constructing rubber dams near the sea
disrupted the fishermen commuting and thus has created social tensions (Hedayati et al., 2012).

Hedayati et.al (2012) designed a canoe-fishway on Tajan rubber dam in Mazandaran province
and compared it with the classic vertical slot fishway.

In this study, given the importance of creating environmentally friendly fishway on rubber
dams in Mazandaran province and the problems created for small fishing boats travelling on
Tajan River, first the laboratory canoe-fishway model was prepared by taking into account the
fish biological parameters in Tajan, Then the depth and flow velocity were evaluated.

Methodology

In order to simulate the canoe-fishway, a rectangular flume with the respective width, height
and length of 30 cm, 60 cm, and 10 m was used. The current discharge is adjusted by a tap in the
upstream. A stilling basin was also provided at the upstream to slow the water flow before
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entering the flume. A V-notch weir was used measuring the downstream flow rate. The
current depth was measured by the depth gauge. An electromagnetic speedometer was used to
measure the longitudinal and transverse flow velocity. The flume bed and left wall were made of
Plexiglas and the right wall was made of glass. The flume bed had 0/04 slope. For brushes, the
industrial Teflon plates, with a thickness of 5 mm and polyethylene tubes known as macaroni
pipes, with a diameter of 6 mm, were used. The Teflon plates were cut to the size and a grid with
center to center distance of 1 cm from each side for brushes installation (height 10 cm) was
created. After that, the brushes were placed on Teflon plates and after being prepared using
adhesives, they were installed on the flume. A total of eight brushes with proper layout were
placed on the flume. Figure 1 shows the brushes composed of PE pipes and their relative
arrangement shown on the channel bed. In total, by installing the eight brushes, 7 basin and 8
slots (opening) were created in the flume. Each brush has the size of about 15 (width)*18 (length)
centimeter. And the slots width was be about 12 cm. The geometric consideration for such
arrangement was based on the Caspian Sea Carp as the dominant species in the model design
with a size of 1:5.

In this study, in order to measure the flow hydraulic characteristics, the flow depth
measurements for 6 discharges (3 discharges below the submergence level and 3 discharges over
the submergence level) for the fourth and fifth basins as well as the fourth, fifth and the sixth
slots were performed. The flow velocity measurements for the third discharge were considered in
different parts of the fourth basin and the fourth and the fifth slots. The flow rate measurements
were conducted for 24 points in the fourth basin and the fourth and fifth slots.

Figure 1- The brushes made from PE pipes and their relative arrangement
on the channel bed

Results and Discussion

In this study, it is observed that the water level in upstream brushes increases, but for the
downstream brushes, a decrease witnessed in the basin water level. We also witnessed an
increase in the water level in slots. Using GIS, measured depths raster map was provided for the
6 flow rates. A deep region in brushes in the upstream and slots along with a shallow area in the
downstream brushes can be seen. One of the most important parameters in designing the fishway
is to create appropriate minimum depth of water in the fishway respecting migratory fish sizes.
In addition, the migration of fish overlaps the farming months. Therefore, in farming seasons,
increasing the fishway flow depth would cause flow waste in the reservoir. Based on the given
facts, it seems quite essential to achieve an optimum depth for the fishway. Given that the fish
species in our model was the Caspian Sea Carp, the least flow depth to be within the laboratory
scale, was set at 10 cm. Therefore, the depth of 10 cm (submergence threshold depth) is selected
as the optimum depth. The third and fourth flow rates have the respective average depths of 8/70,
and 12/78 cm, in which the necessary conditions for fish passage would be provided in both flow
rates. The fifth and sixth flow rates, having average flow depths of 15/8, and 17/4 cm,
respectively, are suitable for fish passing. But as the dam flow rate for these two water depths
increased a reservoir water loss during the farming season happened. Regarding the experimental
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model results, it became evident that the maximum longitudinal velocities occurred in the
slots and the front areas of the slots in the basins.

Conclusion

Based on the findings of this study, here follows a brief summary of the results:

- By conducting the in-vitro model, a deep area behind the brushes in the upstream and along
the slots was formed, and also a shallow area in the brushes downstream were made.

- Taking into account the dimensions and size of the fish under study and dam reservoir
discharge loss, the optimal depth suitable for the fish passing was 10 centimeters. Such depth
arises between the third and fourth discharges with the respective values of 4/90, and 9/90 liters
per second. The average flow depth in these two discharges are 8/70, and 12/78, respectively.

- Regarding the experimental model results, it became evident that the maximum longitudinal
velocities occurred in the slots and the front areas of the slots in the basins.

- A low-velocity area (close to zero) was formed after each brush serving as the best place for
fish to relax.
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