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ing it, performance monitoring should be carried out 
for various fish species. Due to the fact that the model 
was created in the scale, the fish were also selected 
relatively smaller. The fish were first placed in the up-
per stand. After a short time, they found the entrance 

to the fish pass (appropriate attracting current). Both, 
crucians and barbels, managed to get through the fish 
pass downstream without problems and damage. Af-
ter some time, the fish attempted to get through the 
fish pass upstream. 

Fig. 11. Interpretation of stream distribution measurements in the model

Fig. 12. Visualisation of stream distribution in the model (Hydraulics Laboratory, Wrocław University of Environmental 
and Life Sciences)
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DISCUSSION OF THE RESULTS OF MODEL 
RESEARCH

The tested meander-modular fish pass model for high 
slopes proved to be efficient in the laboratory tests. 
The recommended maximum slope height for which 
the meander-modular fish passes can be used is ap-
prox. 10 m. There is no limit to the slope height due to 
the hydraulic conditions. Due to the motor features of 
individual fish species, however, every tenth chamber 
should be double, without a slope.

The fish pass meets basic design assumptions. The 
velocities in the fish pass chambers do not exceed the 
upper limits of the velocity limits for fish (salmonidae 
2.0 m · s–1, rheophilic cyprinidae fish 1.5 m · s–1, other 
species 1.0 m · s–1). However, in resting places the ve-
locity does not exceed the boundary velocity, i.e. about 
40–50% of the maximum velocity value. The research 
confirmed the design assumptions. The distribution of 

streams shows that resting places with reduced flow 
velocities are created inside the chambers.

In the literature (FAO and DVWK, 2002), it is stat-
ed that the basic formulas (velocities in interstices, 
discharge rate) can be used for hydraulic calculations 
for meander fish passes such as in the case of slot fish 
passes. Model tests carried out at the Institute of En-
vironmental Engineering have shown that in meander 
fish passes the results obtained with classic formulas 
are burdened with a significant error. Therefore, it is 
recommended to use these formulas with caution. Cal-
culations should be verified with tests on physical or 
numerical models. The main difference between me-
ander passes and traditional slot passes with rectan-
gular chambers is the type of flow in the pools as well 
as the reduction of energy. Energy conversion takes 
place according to the beam theory, essentially by tur-
bulent scattering, whereas the friction on the channel 
wall is negligible. In the centre of the chamber, the 
flow velocity is about zero, and the turbulence disap-
pears. Performed tests show that water velocities in 
interstices are higher than in the case of slot passes 
with the same lengths of chambers, which results from 
a larger slope. That is why it is recommended to build 
much more pools than in the case of conventional 
constructions with rectangular pools. The discharge 
coefficient determined in the model tests for different 
flow conditions is the same as the discharge coefficient 
for the slot fish pass, given in the publication (FAO 
and DVWK, 2002) and can be used in design, which 
was confirmed on two independent types of fish passes 
(one-slot and two-slot). The volatility characteristics 
of the discharge coefficient μ for both types of fish 
passes have a similar course, while the μ values for 
slot fish passes are slightly higher. 

CONCLUSIONS AND SUMMARY

The subject of this study was the conceptual develop-
ment of several types of meander-modular fish pass-
es for high slopes, which would solve the problems 
faced by hydrotechnicians in relation to locating them 
at hydroelectric power buildings on high slopes, and 
conducting laboratory tests on the selected type of me-
ander fish pass.

Preliminary tests were performed on the mod-
el which confirmed that the selected fish pass type 

Fig. 13. Young crucian during crossing the fish ladder up 
the watercourse
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achieves appropriate hydraulic parameters to ensure 
safe and free migration of aquatic organisms. Ichthy-
ological tests confirmed the effectiveness of the tested 
device.

Laboratory tests have shown that the mean-
der-modular fish pass is characterised by hydraulic 
parameters that enable fish to migrate up and down 
the river. For the proper functioning of the meander 
fish pass a relatively small amount of water is re-
quired, and the maximum flow depends on its design, 
i.e. the type and arrangement of the meanders. Com-
pact design is an advantage as, compared to conven-
tional technical passages and “close to nature” circu-
lation fish passes, it does not require too much space 
for installation. When designing meander fish passes, 
the size and arrangement of the pools and interstic-
es should be chosen so that fish can easily perform 
only simple swimming manoeuvres. Therefore, the 
minimum diameter of a circular pool should equal 
at least 3 lengths of fish. It is also recommended to 
increase the interstices by approx. 20% and to reduce 
the slopes, e.g. for salmon from 20 cm to less than 
15 cm between pools, compared to calculations for 
traditional slot fish passes.

The tested fish pass prototype was successfully 
tested in a water laboratory. Its complete character-
istics can be obtained after building the fish pass in 
natural conditions and monitoring its effectiveness. 
The modular-meander fish pass is undoubtedly an 
interesting alternative to traditional passage solu-
tions for aquatic organisms, as it enables overcom-
ing high slopes more effectively than ever before 
and it enables ichthyofauna to freely travel along the 
watercourse. There is a lack of appropriate calcu-
lation methods for determining the basic hydraulic 
parameters, therefore there is still a need to conduct 
research on this type of object in order to verify 
its actual efficiency and usability. It is particularly 
advisable to install continuous monitoring of fish 
crossing the fish pass.
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PRZEPŁAWKI MEANDROWO-MODUŁOWE WYSOKIEGO SPADU PRZY OBIEKTACH 
HYDROENERGETYCZNYCH

ABSTRAKT

Cel pracy
Celem pracy jest określenie warunków hydraulicznych w przepławce meandrowo-modułowej o wysokim 
spadzie, w której zapewniona jest prawidłowa migracja organizmów wodnych, na podstawie badań mode-
lowych.

Materiał i metody
W Laboratorium Wodnym na Uniwersytecie Przyrodniczym we Wrocławiu opracowana została koncepcja 
nowej wersji przepławki meandrowej dla ryb. Cechą charakterystyczną tej przepławki, oprócz jej kompak-
towości, jest struktura modułowa, którą można w dowolny sposób rozbudowywać. Idea przepławki mean-
drowej wysokiego spadu oparta jest na powierzchni helikoidalnej. Badania wykonano na modelu w skali 
1 : 3 w oparciu o kryterium podobieństwa Froude’a. Istotnymi elementami badań były pomiary prędkości 
punktowych, rozkładu strug i turbulencji przy zmiennym przepływie Q.

Wyniki i wnioski
Badany model przepławki dla wysokich spadów spełnia podstawowe założenia projektowe. Prędkości w ko-
morach nie przekraczają dopuszczalnych wielkości dla ryb. W miejscach spoczynku prędkość nie przekracza 
granicznej. Z rozkładu strug wynika, że wewnątrz komór tworzą się miejsca spoczynkowe o zmniejszonych 
prędkościach przepływu. Główną różnicą pomiędzy przepławkami meandrującymi a tradycyjnymi przepław-
kami szczelinowymi jest rodzaj przepływu w basenach, a także redukcja energii. Z przeprowadzonych badań 
wynika, że prędkości wody w szczelinach tej przepławki są większe niż w przepławkach szczelinowych. 
Autorzy zalecają projektowanie większej liczby basenów niż w przypadku tradycyjnych konstrukcji.

Słowa kluczowe: rzeka, migracja ryb, budowle hydroenergetyczne, przepławka meandrowo-modułowa


