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ABSTRACT 
When Atlantic salmon (Salmo salar) and sea trout 
(Salmo trutta) migrates upstream rivers they 
encounter obstructions such as hydropower plants. 
To increase the water velocity at the fish inlet of a 
fishway an attraction channel is used. The channel 
increases the velocity without using extra attraction 
water from the reservoir. Field experiments show 
that fish use the channel, and lab experiments show 
that the water velocity out of the channel is 38 % 
higher than the surrounding velocity and the 
increased velocity lasts for about 18 water depths 
down stream. 
 
INTRODUCTION 
Atlantic salmon (Salmo salar) and sea trout (Salmo 
trutta) spend there adult life in sea, but reproduce 
and spend their early years in rivers. When the fish 
migrates upstream rivers to their spawning grounds 
they are triggered to swim in high velocities (Williams, 
1998). On their route they encounter man made 
obstructions like hydropower plants. To help the fish 
pass these obstructions, fishways are used. The 
water flow out of the fishway is called attraction 
water since it is used to help the fish find the 
entrance. In order to get an efficient water flow at the 
fish entrance it is often necessarily to lead extra 
water from the reservoir to the inlet of the fishway, 
(Clay, 1995). Fish are otherwise attracted to the 
dominating flow from the turbine outlets (Arnekleiv 
and Kraabøl, 1996), causing a delay in the migration, 
stressing the fish and thus reducing their odds to 
reach the spawning grounds (Clay, 1995). The extra 
water required to avoid this scenario is by all means 
a cost for the power companies running the 
hydropower plants and can also be seen as a 
misuse of global natural resources. Hence, to create 
a high velocity out of the fishway, without supplying it 
with extra water from the reservoir, an attraction 
channel is constructed. The attraction channel is an 
open U-shaped channel that is partly submerged at 
the entrance of a fishway or any free stream, like the 
turbine outlet. At the flow outlet of the channel an 
underwater constriction in the shape of a bump is 
placed to accelerate the water velocity; see Fig. 1. 
The design goal is to generate a considerably higher 
velocity out of the channel than the surrounding 
water velocity, and thereby attracting fish to swim 
into the channel. Steady 2-d flow over submerged 
bodies is a well known area of research as 
exemplified by numerical studies by for example 
Forbes and Schwartz (1982) and Vanden-Broeck 
(1987). 

This paper presents detailed studies of the flow field 
around and inside the channel, and results from field 
tests of fish passage through the channel.  
 

 
Fig.1. Full scale attraction channel with underwater 
surveillance cameras (a) side view (b) front (entrance) 
view. All dimensions in mm. 
 
EXPERIMENTAL SETUP  
The concept of an attraction channel is investigated 
in full scale field tests with camera surveillance and 
by flow measurements in down-scaled models using 
two types of laser techniques. 
To investigate the fish behaviour in the attraction 
channel and see if the fish are actually attracted to 
the channel a full scale channel was built and tested 
at Sikfors hydropower plant in the Piteå river in 
Sweden. Sikfors being the only hydropower plant in 
the Piteå river is situated 40 km upstream the coast. 
The mean annual discharge in the river is 158 m3/s 
and the annual fish count in the fishway at the dam 
during 2004 and 2005 was (both salmon and sea 
trout) 1672 and 1446. The full scale attraction 
channel is 3 m long with a cross-section of 
1.2 m x 1 m and the bump within it has a maximum 
height of 0.65 m. The channel is equipped with 
digital underwater cameras to monitor the fish 
swimming through the channel; see Fig. 1. The 
recordings from the cameras were manually scanned 
for fish. The channel was placed in the turbine outlet 
and evaluated with and without the bump, during 
three weeks of peek migration. It was in water 
operating 24 hours a day, but only measurements 
during the hours of sufficient light (04.00 - 21.00) 
were analyzed. The amount of fish swimming 
through the channel was compared with the number 
of fish using the fishway at the dam. For more 
information regarding the field experiments see 
Wassvik (2006).  
A model of the attraction channel has been tested in 
laboratory to investigate the flow in and around the 
channel. The model is a 500 mm long glass channel 
with 1.7 mm thick walls and an inner cross section of  
200 mm x 96 mm. The channel was placed in a 
flume with a cross section of 200 mm x 300 mm 
(depth x width); see Fig. 2. The bump in the channel 
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Fig.2. Water flume with model of attraction channel. (a) 
Attraction channel side view (b) attraction channel front 
view (c) water flume with attraction channel. All dimensions 
in mm. 
 
is made of Styrofoam with a plastic film cover to 
create a smooth surface. The shape of the bump is 
described with the following formula 

2
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where B denote the maximum height of the bump 
and x' originates at the highest part of the bump and 
runs in the negative x direction; see Fig. 2. Two 
techniques have been used to investigate the 
channel flow. To start with, Laser Doppler 
Velocimetry (LDV) was used to measure the water 
velocity in and around the channel with the purpose 
to capture the expected increase in water velocity 
out of the channel, compared with the surrounding 
velocity and to determine how far downstream the 
increase in water velocity lasts. In subsequent study 
Particle Imaging Velocimetry (PIV) was used to 
further investigate the flow field in and beyond the 
channel. In laboratory the flow rate in the flume was 
controlled to 5.3 × 10-3 m3/s with either a V-notched 
weir or a Coriolis flow meter. The temperature in the 
flume was controlled to 22.1 ± 0.2 ˚C with a cooling 
system in the tank and the water depth in the flume 
was kept at 118 ± 1 mm. 
LDV measures the water velocity point wise in the 
flow and to measure the velocity in more than one 
point, which is typically done, a traverse is used to 
navigate the measuring volume in the water. The 
equipment used was a two-component setup from 
Dantec with an 85 mm fibre optics probe. The 
measuring volume was 0.076 mm x 0.838 mm for 
the stream wise component (514.5 nm). To be able 
to measure the velocity with the LDV technique the 
water must be seeded with particles that follow the 
water flow. In the present setup the water is seeded 
with polyamide particles with a diameter of 5 μm 
(Dantec’s PSP-5). The sample time was 90 - 4500 s 
(the longer sample time close to walls and surface) 
in each point with a minimum sample count of 
10 000. In the first experimental series the water 

 
Fig.3. A schematic presentation of the six locations for PIV 
measurements. 
 
velocity out of the channel was measured, while the 
bump height was changed. The velocity out of the 
channel was compared with the free stream velocity, 
measured in the water flume with no attraction 
channel. The bumps tested had a height of 22, 34, 
47, 70 and 80 mm (Wassvik and Engström, 2004). 
The measurements on how far down stream the 
attraction water stretches were carried out with the 
80 mm bump (Wassvik, 2006). 
PIV is a feasible method for visualizing and measure 
fluid flow. This technique enables instantaneous 
measurements of the fluid velocity in a two-
dimensional plane illuminated with a light sheet 
whose thickness is less than the depth of field of the 
image recording system. Having a time differentiated 
double frame image, each frame is divided into small 
interrogation areas where cross-correlation, based 
on the Fast Fourier Transform, is performed. The 
result is a velocity vector field of the entire measured 
plane (Raffel et al., 1998). 
This feature makes PIV suitable for studying the 
influence of water depth over the bump on blockage 
effects inside the attraction channel that was found 
with the LDV measurements; see the results section. 
PIV was also used to study the downstream 
traceability of the attraction water. The PIV-system 
used is a commercially available system from 
LaVision GmbH. It consists of a Litron Nano L PIV 
laser, i.e. a double pulsed Nd:YAG with a maximum 
repetition rate of 100 Hz, and a LaVision FlowMaster 
Imager Pro CCD-camera with a spatial resolution of 
1280 x 1024 pixels per frame. 
The attraction channel was in this case equipped 
with the bump that gave the highest acceleration in 
the LDV experiments. Three different depths were 
investigated by altering the vertical position of the 
attraction channels in the experimental flume. The 
flow was measured in vertical planes placed in the 
middle of the channel at six different locations for 
each depth; see Fig. 3.  
Each location was recorded with a sampling size set 
of 250 double-frame images at a sampling speed of 
50 Hz. The recorded sets were post processed with 
DaVis 7.1 using a multi-pass cross-correlation 
scheme with decreasing interrogation window size. 
For the first pass a 64 × 64 pixel interrogation 
window was used, for the second pass a 32 × 32 
pixel interrogation window was applied with a 75 % 
overlap (Green, 2007). 
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Fig.4. Number of salmon and trout (bars) passing through 
the attraction channel in 2005, compared with salmon 
(circles) and trout (triangle) passing the fishway. 
 
RESULTS 
The field experiments were conducted during two 
years (2004 and 2005), three weeks each year 
during the peek of migration. A key result is that the 
number of fish using the attraction channel was 
considerably larger during 2005 as compared to 
2004, 471 and 57 fishes, respectively. A main 
difference was that the second year the attraction 
channel was painted black as compared with the first 
year when it was painted grey inside and left 
unpainted (metallic) on the outside. The number of 
fish successfully passing the fishway at the dam, 
during the test period in 2005, was 572. The channel 
was tested both with and without the bump, changes 
made weekly. When examining the results from the 

second year (Fig.4) the numbers of fish using the 
channel with or without the bump are essentially the 
same. It must, however,  be noticed that when the 
bump was in place in the channel the inlet depth for 
the fish is 0.32 m and without the bump the inlet 
depth is 1.05 m. So in some way the fish is attracted 
to the channel even though the inlet area was 
considerably smaller. Another observation was that 
most fish used the channel between 12:00 and 17:00 
and that the fish swimming through channel did so 
swimming close to the bottom. 
Three separate tests on the attraction channel have 
been performed on a model in laboratory, to 
investigate flow behaviour of the channel. For the two 
first tests LDV was used and for the third PIV was 
used. In the first test, different bump heights were 
tested with a constant water depth in the channel to 
see when the highest velocity was achieved. The 
main result from this test was that the bump creates a 
blockage in the channel, so the water velocity inside 
the channel is lower than the surrounding free stream 
velocity. The water blocked by the bump flows instead 
on the outside of the channel increasing the water 
velocity on the water surrounding the channel, due to 
the relatively small water flume. The result from the 
test was that an 80 mm bump gave the highest 
velocity out of the channel. The free stream water 
velocity in the setup was 0.17 m/s and the velocity 
increase with the 80 mm bump was 38 % (Wassvik 
and Engström, 2004). 
In the second investigation of the model channel the 
flow field downstream the attraction channel was 
investigated. The question to investigate was how far 
downstream the velocity increase is noticeable. The 
downstream flow field is important since this is what 

Fig.5. Horizontal (a) and vertical (b) velocity profiles behind the attraction channel 0, 50, 100, 150, 
200 and 500 mm down stream the bump. 
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Fig.6. Schematic flow patterns in the attraction channel at 
different water depths. Above: small and medium water 
depths. Below: large water depth. 
 
the fish will encounter as they approach the fishway, 
and obviously the further the increased velocity 
prevails the further downstream the fish can be 
attracted to the attraction channel. Velocity profiles 
downstream the model attraction channel is shown in 
Fig.5. The velocity out of the channel is in this case 
higher than the surrounding water, and this increase 
stretches 100 mm down stream which corresponds 
to 18 times water depth over the bump (Wassvik, 
2006). Downstream the bump, below the jet a 
recirculation zone is formed and together they form a 
mixing layer in the vertical direction. Also a mixing 
layer is formed in the horizontal direction between 
the jet and the water flowing on the outside of the 
channel. The mixing layers decelerate the attraction 
water. Further down stream, the surface velocity is 
lower than the surrounding velocity. 
In the third investigation of the model channel the 
influence of the depth over the bump was 
investigated. For the two smallest depths 
investigated, a recirculating flow near the surface 
was found; see Fig. 6. The recirculation hindered the 
water to flow freely into the attraction channel and 
consequently a jet was formed near the bottom of 
the attraction channel. This may well explain the 
fishes swimming near the bottom in the field 
experiments. For the largest depth the recirculation 
pattern had ceased allowing the water near the 
surface to flow more easily into the attraction 
channel; see Fig. 6. Analysis of the jet leaving the 
attraction channel showed that increasing the depth 
made the attraction water go from disorderly to 
ordered flow and made it more perceptible further 
downstream. To quantify the perceptibility of the 
attraction water the dimensionless increase, i.e. the 
max velocity V at a given point divided with flume 
velocity V0, is plotted as a function of distance 
downstream the bump; see Fig. 7. 
Interestingly the results show that all three depths 
resulted in a 40 % velocity increase of the water jet in 
direct connection to the bump. But the largest depth 
gave the largest traceability downstream the bump. 
 

 
Fig.7. Plot of the dimensionless velocity increase as a 
function of downstream distance, in mm, from the bump. 
 
DISCUSSION 
The paper discusses an attraction channel, intended 
to further accelerate the attraction water out of a 
fishway. Another function for the channel could be to 
guide the fish to an area where a fishway entrance is 
located and a third is to use the same principle used 
in the channel and put a bump in a river bed in order 
to attract the fish to a river bypass.   
The investigations presented are divided in two 
major parts; how do the attraction channel work 
mechanically, and are the fish attracted to the 
channel? 
The work is based on the idea that salmon (and sea 
trout) are attracted to high water velocities. How and 
what fish are attracted to and what trigger the 
migratory behaviour is, however, not readily 
understood. Fish do feel pressure differences, water 
velocities and temperature changes in the water very 
well (with the lateral line organ). What is known is 
that salmon are attracted to the outlet from 
hydropower plants (Arnekleiv and Kraabøl, 1996; 
Rivinoja et al., 2001) and if the salmon is presented 
to different water velocities they chose the higher 
one (Weaver, 1963). There are of course many other 
factors the salmon react to, such as water turbidity, 
cloud cover, wind direction etc. (Banks, 1969), and 
this makes it extra difficult to do experiments with 
fish, or any live animal. The field experiments in 
Sikfors gave two clear conclusions; firstly, the 
channel must be painted dark, otherwise the fish 
won’t use it. Secondly, the fish are attracted to the 
channel. The flow field at the turbine outlet in Sikfors 
are highly chaotic, the outlet tunnels from the power 
plant ends in a 60 m vertical shaft. When the channel 
is present in the outlet, it structures the flow even in 
the reference case with no bump. If this is why the 
fish used the reference channel or if this is the 
normal route of the fish is not clarified. Both during  
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the reference run and the bump run the fish used the 
channel, even though the inlet height was only 
0.32 m with bump compared with 1.05 m without. 
This gives an increase of three times more fish per 
area unit with the bump. 
The experiments on the model attraction channel 
were conducted in a relatively small flume (three 
times wider than the attraction channel) which 
means that the water blocked by the bump will pass 
the channel on the outside and increase the velocity 
of the free stream. In the field scale scenario, the 
increase in velocity on the outside of the channel will 
not be as high as in laboratory. If the velocity 
surrounding the channel will be smaller the attraction 
water will be more noticeable.  
In the design of the full-scale attraction channel 
Froude number scaling was used. The Froude 
number, Fr = V/√(gh), is a dimensionless number 
and the ratio between the propagation speed of flow 
and the speed of gravity waves in shallow water. The 
free stream velocity ratio between the model and the 
prototype is Vm/Vp = 0.17/0.5 = 0.34 and the length 
ratio then becomes Lm/Lp = (Vm/Vp)2 = 0.12 (the 
velocity of the free stream at Sikfors is a rough 
estimate, due to the chaotic behaviour of the flow) 
The bump height scales to 0.67 m. The bump in the 
prototype channel was designed to a height of 0.65 
m. The Reynolds number based on the free stream 
velocity and the bump height becomes Rem = 13600 
in the model and Rep = 325000 in the prototype. The 
water depth in the attraction channel scales to 
0.73 m, but during the field experiments the water 
depth was set to 1.05 m. The water depth was set 
after testing different inlets depths and measuring 
the lowering of the water surface over the bump. 
With an inlet depth of 1.05 m the lowering of the 
water surface was largest (8 cm).  
Rivinoja (2005) measured the swimming depth of 
upstream migrating salmon approaching a 
hydropower plant and the result showed the fish 
swimming at a depth of one to four meters and most 
of them swimming at a depth of one meter. High 
aeration in the water can discourage the fish from 
entering the fishway (Clay, 1995). The attraction 
channel produces a water jet that is close to the 
surface with low aeration. 
Questions that remain to be answered are: what 
happens with the attraction channel when the 
channel is placed in a free stream with no 
constricting flume walls? How do we connect the 
channel with the fishway?  
The next step in the project is to develop a numerical 
model of the channel flow, which, after suitable 
calibration of available experimental results, will be 
used to investigate the restriction effect of the flume 
walls and to optimize the shape of the bump. 
 
 
 
 

CONCLUSIONS 
An attraction channel that increase attraction water 
at the entrance to a fishway has been studied, the 
major conclusions are listed below. It is possible to 
increase the attraction water without increasing the 
spill from the reservoir. The channel creates 
structured high velocity attraction water. There are 
an optimum relation between the depth in the 
channel, the bump height and form. The channel 
must be dark in colour. 
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