Acta Sci. Pol.
Formatio Circumiectus 18 (3) 2019, 71–84
ENVIRONMENTAL PROCESSES
www.acta.urk.edu.pl/pl

DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.3.71

ISSN 1644-0765

Accepted: 09.10.2019

O R I G I N A L PA P E R

DAMAGED DROP HYDRAULIC STRUCTURE AS AN EXAMPLE
OF NATURAL RENATURALIZATION PROCESS OF RIVER:
THE DOBRZYCA RIVER, NORTH WEST POLAND
Karol Plesiński1, Artur Radecki-Pawlik2, Michał Bień3, Kamil Suder1
 Department of Hydraulic Engineering and Geotechnics, Faculty of Environmental Engineering and Land Surveying, University of
Agriculture in Krakow, Al. Mickiewicza 24/28, 30-059 Kraków
2
 Division of Structural Mechanics and Material Mechanics, Faculty of Civil Engineering, Cracow University of Technology,
Warszawska 24, 31-155 Kraków, Poland
3
 ZANDER, Aquaculture & Hydroponics, Fish Farm
1

ABSTRACT
Aim of the study
The paper presents an assessment of capacity of a drop hydraulic structure, which was partially destroyed,
and provides a description of slow renaturalization of a riverbed in this area. As a result of damage to the
hydrotechnical structure caused by natural processes, some elements detached from the structure were deposited in an energy dissipation basin and in the riverbed downstream of the structure, impeding rock and vegetal
debris traffic. These fluvial processes formed a cascade-like structure that led to a change in the regime of
water flow through the hydrotechnical structure that was not planned or designed originally.
Material and methods
Due to partial destruction of the structure, the water flow regime was so drastically altered that it is possible
for various species of fish to cross this section of river without any additional constructions like fish passes.
Field measurements determined six potential fish migration routes through the damaged structure’s area.
Then each fish migration route was evaluated against the possibility for fish to pass through the structure.
Results and conclusions
The analysis showed that the partly damaged drop hydraulic structure creates favourable conditions for migration of some fish species. It can be concluded that the elements detached from the drop hydraulic structure
and deposited downstream should not be removed from the riverbed, because they improve the environmental conditions for aquatic organisms in terms of their migration.
Keywords: drop hydraulic structure, river restoration, fish migration, the Dobrzyca River

INTRODUCTION
Many anthropogenic hydrotechnical structures around
the world impede fish migration (Bylak et al., 2009;
Wiśniewolski et al., 2004; Kukuła et al., 2008). These
barriers affect significantly river and stream ichthyofauna (Bylak, 2018; Jędryka, 2009). Apart from the


impact on environmental conditions, these objects
also modify the natural geomorphological system
of a riverbed and the water flow regime (Plesiński,
2018a; Bylak et al., 2017). It can be said that the impact of low-level hydrotechnical constructions on the
conditions in riverbeds is similar to that of large dams,
although their influence is smaller, local and less in-
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tense (Allan and Lkecker, 1993; Bylak and Kukuła,
2018; Kukuła and Bylak, 2011). The larger the number
of this type of structures on a watercourse, the more
influential it becomes. (Bylak et al., 2017).
Natural river ecosystems form an uninterrupted
stream that flows from the source to the mouth. This
is called continuity or capacity of a watercourse. Until recently, this term was understood as “watercourse
bed condition, which allows free and unimpeded flow
of water, ice or any material carried through a river”
(Jędryka, 2009). By definition, it was more about
ensuring geomorphological (river debris transport)
as well as hydrological and hydraulic (water transport) conditions. So far, the ichthyofauna inhabiting
the watercourse was omitted. Fish are not “material
carried by a river” and their swimming abilities that
enable migrations are distinguished by species and
even individual predispositions. It is misleading to
think of fish as being transported by river, because
fish can choose their routes depending on needs, either in search of food or for breeding, travelling upor downstream to sites suitable for spawning (from
rivers to lakes, from sea to rivers, or up and down the
same rivers to suitable tributaries, or sites with right
parameters for spawning). Currently, a new definition of “ecological continuity of a watercourse” has
been adopted, including also fish migration that is
not impeded by any hydrotechnical constructions
(Jędryka, 2009; Vannote et al., 1980; Seliger and
Zeiringer, 2018).
This approach demonstrates greater public ecological awareness than just a few years ago. Poland’s
membership in the European Community gave a new
perspective on ecological issues in river valleys and
riverbeds (Dyrektywa, 2000). Not only technical and
engineering conditions are observed now, but ecological, too. It is important that the hydrotechnical construction, in addition to its typical functions, such as
flood protection, water damming for various economic or tourist purposes, fulfils also ecological purposes,
mainly ensuring continuity for fish migrating in a riverbed (Lubieniecki, 2002). Renaturalization of rivers
becomes important, sometimes leading to abandoning
hydrotechnical construtions, their removal or spontaneous deterioration due to fluvial processes (Kałuża
and Hammerling, 2015; Radecki-Pawlik et al., 2015;
Żelazo and Popek, 2014).
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The rise of awareness of the importance of watercourse ecological continuity among water management decision-makers and hydrotechnical engineers is
demonstrated by their cooperation with environmental
institutions, biologists, ichthyologists and even anglers (Prus et al., 2018). In effect of such cooperation,
numerous projects were realised that aimed at revitalizing and renaturalizing river valleys and riverbeds, as
well as reconstructions of hydrotechnical structures
that do not meet ecological requirements (Kałuża et
al., 2016; Kałuża et al., 2018; Szałkiewicz et al., 2019;
Lubieniecki, 2002). By the notions of revitalization
and renaturization we mean a number of processes occurring in riverbeds and/or in river valleys that
improve fluvial and/or riverine environment, preferably to a condition as close as possible to natural state
before degradation (Bojarski et al., 2005; Żelazo and
Popek, 2014). In the West Pomeranian Voivodeship,
in the recent past, two projects have been implemented to clear the entire catchment. First program was
titled ‘Construction of blue ecological corridor along
the Rega river valley and its tributaries’ (Witkowska et
al., 2013a; 2013b), the other – ‘Construction of blue
ecological corridor along the Ina river valley and its
tributaries’ (Durkowski, 2017). The projects were run
between 2012 and 2017 in catchment areas of Rega
and Ina rivers by the West Pomeranian Board of Amelioration and Water Facilities in Szczecin with the participation of the Regional Directorate for Environmental Protection in Szczecin. In both projects, improving
environmental conditions for migrating fish included:
– construction of 23 (the Rega catchment) and 28
(the Ina catchment) hydrotechnical devices for fish
migration. They were mainly technical fish passes,
circulation channels – so-called bypasses and riffles with increased roughness. Existing and inoperative fish passes were modernized (both in the Ina
catchment). Devices that monitor and record fish
flow have been installed on many new facilities,
so it is possible to assess fish migration efficiency
and to eliminate immediately all dangers arising
during these migrations. The issue with lack of
luring current at some fish passes was solved by
installing electric-electronic barriers (4 objects in
the Rega catchment).
– construction of 12,000 m2 and 300 m2 spawning
grounds in the Rega and Ina catchments.
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–

forestation of river banks (47 km and 23 km in the
Rega and Ina catchments, respectively), in order
to improve the environment by providing shade
and lowering the water temperature.
Presented research focused on analysing the impact of the dimensions and hydrodynamic parameters
of the damaged drop hydraulic structure on fish migration. Fluvial processes and floods lead to gradual
deterioration of this drop hydraulic structure, which
became an example of spontaneous renaturization of
riverbed after all hydrotechnical interference such as
renovating or reconstructing the facility was ceased.

DESCRIPTION OF THE STUDIED OBJECT
The research took place at the drop hydraulic structure located 25 km from the source of the Dobrzyca
River – a 66 km long sixth-order stream. The source
of the river is located near Czaplinek and the Łupowo
village, from where it flows south-east. In Machliny
the river passes through Lake Machliny Wielkie. Its
first tributary is Świeczyniec, which joins the river
just before the village of Dobrzyca. Further on, the
river continues south-east, until it reaches the Kłębowianka tributary, where the watercourse shifts more

Fig. 1. The map of the Dobrzyca River catchment with marked research object
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to the east. Because of the change of direction, the
river goes about 2 km to the north-east of Wałcz,
without flowing into the town. Its direction changes
only around the village of Czapla, where the river
turns east. After travelling a few kilometers, it enters
Piława, which in turn is a right-bank tributary of the
Gwda. And Gwda flows into the Noteć River, Noteć
into the Warta River, and in the end – Warta into the
Oder River. The 925 km2 large catchment area is
located in the Wałeckie Lakeland (right part of the
catchment) and on the Wałęcka Plain (left part of the
catchment together with the Dobrzyca River) (Kondracki 2000).
The object of research is the drop hydraulic structure, which was destroyed by nature forces. It has the
following dimensions:
– width: 18.5 m,
– original height: 1.5 m,
– spillway crown length: 1.5 m.
Below the drop hydraulic structure lied probably an
energy dissipation basin, but it was not noticed during
the field visit. The reason for this may be its chocking
with stones or ruining. The energy dissipation basin
threshold, which is often formed as the drainage’s end,
was also not found.
METHODOLOGY
The field measurements included:
– geodetic measurements of structure, bed and water table,

–

measurements of hydrodynamic parameters of
water flow.
Geodetic measurements were taken with a Topcon GTS-226 total station. It allows for measuring the
facility and creating longitudinal profiles, which potentially could be migration routes for fish. Measurements of water table were to determine the gradient
between adjacent structures.
Hydrodynamic measurements were carried out
mainly in places that could be a barrier for migrating
fish (spillways, indentations in structure, sites of increased flow concentration and velocity) and in sites
of calmer water, where fish can hide and rest (swimming pools, chambers and overdeepenings). Mainly,
those parameters were measured that may affect fish
migration. These included filling h and water flow
velocity V, which enabled determining vertical velocity profiles. Hydrodynamic measurements were
made using a Valeport EM Flow-Meter 801 Flat current meter.
Both geodetic and hydrodynamic measurements
were taken in six longitudinal profiles, which potentially can be routes for fish migration. Measurements
were made at low flow Q = 1.3 m3 ∙ s–1.
Research consisted in assessing the capacity of the
analysed structure for fish species inhabiting the riverbed (Penczak et al., 1986) based on values of hydrodynamic parameters measured during field visit (see:
Table 1).

Fig. 2. Hydraulic structures with marked profiles (photo by K. Plesiński)
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Table 1. Values of acceptable geometrical and hydrodynamic parameters in regard to enabling fish migration through a hydrotechnical object (based on: DWA, 2014; DVWK, 2002; Gebler, 1991; Bartnik i in., 2011; Sakowicz i Żarnecki, 1954;
Schmutz i Mielach, 2013)
Species

Zone

Lfish
[m]

Hfish
[m]

Wfish
[m]

Brown trout
(Salmo trutta m.
fario)

Trout

0,5

0,10

0,05

1,5

0,25

0,45

1,80 / 4,10

Grayling

0,5

0,10

0,05

1,5

0,25

0,45

0,90 / 2,30

0,15

Bream
(Abramis brama)

Bream

0,6

0,21

0,06

1,8

0,53

0,54

0,65 / 1,30

0,08

Roach
(Rutilus rutilus)

Grayling

0,4

0,13

0,06

1,2

0,33

0,54

bd / 1,30

Barbel
(Barbus barbus)

Barbel

0,7

0,13

0,08

2,1

0,33

0,72

1,53 / 2,40

0,13

European Perch
(Perca fluviatilis)

Barbel

0,4

0,12

0,07

1,2

0,30

0,63

0,60 / 1,40

0,13

Northern Pike
(Esox lucius)

Bream

1,0

0,14

0,10

3,0

0,35

0,90

0,45 / 0,80

Burbot
(Lota lota)

Barbel

Grayling
(Thymallus
thymallus)

Lacc = 3 ∙ Lfish Hacc = 2,5 ∙ Hfish Wacc = 9 ∙ Wfish Vuse / Vterm
Vacc
Δh
[m]
[m]
[m]
[m ∙ s–1] [m ∙ s–1] [m]
2,0

1,5

0,20

0,15

0,08
1,0

0,6

0,11

0,11

1,8

0,28

0,99

0,50 / bd

0,13

given:
Lfish – average fish length (DWA, 2014),
Hfish – average fish height (DWA, 2014),
Wfish – average fish width (DWA, 2014),
Lacc – minimum acceptable pool length (DWA, 2014),
Hacc – minimum acceptable pool filling (DWA, 2014), however according to Jelonek and Wierzbicki (2008) also , whereas acc.
to Cowx i Welcomme (1998),
Wacc – minimum acceptable pool width (DWA, 2014),
Vuse – fish useful velocity (Bartnik et al., 2011; Sakowicz and Żarnecki, 1954),
Vterm – fish terminal velocity (Bartnik et al., 2011; Sakowicz and Żarnecki, 1954),
Vacc – maximum acceptable water velocity at spillway (DVWK, 2002; Gebler, 1991),
Δh – maximum water drop (Schmutz and Mielach, 2013),
ld
– lack of data

RESEARCH RESULTS AND DISCUSSION
Profile no. 1 was designed, where the drop hydraulic
structure’s shape was the closest to its original condition. Ruptured concrete slab, which was a crown of
a spillway, was the most major change in this part of
the structure – due to thus the spillway dropped by
0.22 m. Hydrodynamic measurements show that the
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maximum flow velocities were low, reaching only
Vmax = 0.24 m ∙ s–1 and 0.25 m ∙ s–1 above and below
the structure respectively. In turn, at the drop hydraulic
structure’s spillway, velocity was Vmax = 0.52 m ∙ s–1.
Large water drop, which was Δh = 0.9 m, proves capacity failure at this profile. Under such conditions, no
fish species found in the river were able to make such
a high and long jump.
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Fig. 3. Profile no. 1

Profile no. 2 was drafted to the right of Profile
no. 1, which was more damaged. Below the spillway
were deposited concrete elements (marked in the diagram as spillways no. 2 and 3), which were detached
from the drop hydraulic structure. These elements
dammed up the water, creating deep pools above the
facility. Depth of the first was H = 0.7 m and of the
second – H = 0.33 m. The maximum water velocity
was Vmax = 1.47 m ∙ s–1 and Vmax = 1.33 m ∙ s–1 in the
first and second pool, respectively, however, these
values occurred at water table. In the lower parts of
the pools, velocity was significantly lower, usually not
exceeding V = 0.50 m ∙ s–1 and V = 0.75 m ∙ s–1. Despite favourable conditions in the pools for all of the
considered fish species (except for bream, for which
filling of the pool 2 was too low with Hacc = 0.53 m),
the problem could be the spillways generating excessive velocity. At the two lowest spillways, maximum
velocity was Vmax = 1.57 m ∙ s–1 and Vmax = 1.67 m ∙ s–1,
which enabled only trout to reach the pool no. 1. Unfortunately, despite the fact that trout could enter the
pool no. 1, the main spillway (no. 1) posed an insurmountable obstacle, because the water drop was too
high, Δh = 0.3 m. Also, velocity of overflowing water there was very high, from Vmin = 1.12 m ∙ s–1 at the
ground to Vmax = 1.97 m ∙ s–1 at water table.
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Profile no. 3 was located in the central part of the
structure. Wood rubble, besides concrete elements,
was found in the riverbed below the structure. Excessive height of spillway crown, amounting to 0.35 m,
demonstrated how choked the drop hydraulic structure
was. This meant that no species of fish inhabiting the
riverbed could pass through, despite significant filling
of basin no. 1 (H = 0.42 m). Brown trout and grayling
were able to reach only up to this point. In turn, despite low velocity values (V <1.0 m ∙ s–1) on the spillway no. 3 and in the pool no 2, other species of fish
could not enter into the pool no. 2, because its filling
(H = 0.26 m) and length (L = 1.6 m) were below acceptable values.
Profile no. 4 was characterized by a single H =
0.7 m deep and L = 1.75 m long pool. Such a large
depth created favourable spatial conditions for fish to
accelerate and make a jump long and high enough to
cross the obstacle. The water drop at the spillway no.
2 (below the pool) was Δh = 0.19 m, and flow velocity
Vmax = 1.64 m ∙ s–1. The velocity profile has shown little variety. These parameters indicate that only brown
trout could enter the pool no. 1. Above the pool no. 1
was the main spillway (no. 1) with convenient shapes
(Dąbkowski et al., 1982), i.e. the stream did not escape
from the structure’s bed, but only slid on its surface.
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Fig. 4. Profile no. 2

Fig. 5. Profile no. 3

Therefore, although the water drop was as high as
h = 0.35 m, trout should be able to swim through this
spillway, which is supported by the following:
1. The filling in the pool no. 1 below the spillway
no. 1 is large (h = 0.7 m), which according to the
equation is enough for trout to give a sufficiently long and high jump (Jelonek and Wierzbicki,
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2008). On the other hand, according to Cowx and
Welcomme (1998) this suggests that for a spillway
of h = 0.35 m the filling of pool of h = 0.44 m is
sufficient.
2. When water is overflowing through a spillway
with a convenient shape, fish does not have to jump
for gaining speed that beats the velocity of water
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sliding on across the structure’s bed. The maximum value of velocity in the spillway no. 1 was
Vmax = 1.64 m ∙ s–1, remaining within the acceptable range. Research literature (Larinier, 2002)
indicates that at a velocity of V = 1.64 m ∙ s–1 trout
L = 0.25 m long is able to swim about 5.5 m at
a water temperature of 10–20oC. For specimen of
length L = 0.35 m this distance increases significantly above 10 m. Even with taking into account
the length of the drop (0.37 m), and not the drop
itself (0.35 m), it can be unambiguously stated
that flow velocity on the spillway will not impede
migrating trout.
According to Jelonek and Wierzbicki (2008), possibilities for salmonids migrations are the most recognized. They state that trout are able to overcome
obstacles with a height up to 0.8 m. However, with an
objection that in order for a fish to make such a long
jump, appropriate conditions below the obstacle must
be met, such as: sufficient depth of energy dissipation
basin or pool as well as its length.
Profile no. 5 was located on the right side of the
object, in a place where most of the vegetal debris was
deposited, which along with elements detached from
the main spillway led to a stepped water table profile.
Three limiters were found in this profile, which block

the entire structure for all fish species. These are: pools
no. 2 and 3 and the main spillway no. 1. Pool no. 3
was characterized by very low filling (H = 0.1 m) and
too small dimensions (L = 1.3 m) meaning that these
parameters were outside the norms for all species of
fish found in the river. Also in pool no. 2 the filling
was too low – H = 0.17 m. The third element causing a blockage in fish migration was the main spillway
(no. 1) with a Δh = 0.36 m high drop.
The results obtained from the measurements of
profile no. 6, which was located on the right side of the
facility, indicate that this part with has the highest capacity. It poses no difficulty for trout, grayling, roach
and perch. All of these fish species are able to pass
through the spillway no. 1, which features the worst
hydrodynamic parameters in terms of fish migration.
The water drop here is Δh = 0.13 m, while flow velocity reached Vmax = 1.4 m ∙ s–1. At spillway no. 2, water
flow velocity was similar (Vmax = 1.36 m ∙ s–1) to that
observed at spillway no. 1, while the water drop was
only Δh = 0.08 m. The next spillways (no. 3 and 4)
were much slower than these situated above. Their
maximum values were respectively Vmax = 0.64 m ∙ s–1
and Vmax = 0.53 m ∙ s–1 for no. 3 and 4 and the water
drop itself was much smaller. At spillway no. 3 it was
Δh = 0.05 m, while spillway no. 4 was below water

Fig. 6. Profile no. 4
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Fig. 7. Profile no. 5

Fig. 8. Profile no. 6

table. On the basis of analysis of hydrodynamic parameters alone it could be proven that fish species
with worse jumping and swimming abilities (bream,
pike, eel and burbot) could reach pool no. 2. Pool no. 3
could be a significant impediment for mentioned fish,
because it was too short (L = 1.5 m) and for some species also too shallow (H = 0.35 m).
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SUMMARY
The object of research was a significantly damaged
drop hydraulic structure, which construction elements,
usually concrete fragments, were detached from the
hydrotechnical structure and deposited near below the
facility. These elements affected both the water flow re-
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gime and sedimentation conditions (Judd and Peterson,
1969; Radecki-Pawlik, 2014a, 2014b). These changes
were evident by the creation of cascade flow in result
of water damming by concrete elements. There were locations with both rapid and shallow current (spillways)
as well as slow and deep (pools) (Plesiński et al., 2019).
Aggradation of concrete elements in the riverbed below
the structure led to subsequent consequences, such as
increasing roughness and stopping heavy plant rubble
and debris (Plesiński, 2018b; Wyżga et al., 2003; Wyżga, 2007; Radecki-Pawlik, 2014). Debris caused partial choking of the pools created after the aggradation
of concrete elements. In turn, the aggradation of heavy
vegetal rubble (trunks, roots and branches) caused subsequent water damming, although not as striking as with
concrete elements, and velocity loss of flowing water
(Curran and Wohl, 2003; Michalec and Tarnawski,
2006; Michalec and Leksander, 2011; Radecki-Pawlik
et al., 2011; Kałuża and Radecki-Pawlik, 2014; Linstead, 1999; Gippel, 1995; Manners et al., 2007). In addition, rubble could serve as a hideout from predators
for migrating fish. (Wiśniewolski and Gierej, 2011).
Harmon et al. (1986) report that in lowland rivers wood
rubble is one of the main habitat-forming factors, as it
can shape over 50% of micro-habitats in forest streams.
Therefore, roots, trunks and branches can be used to revitalize riverbeds (Pagliara and Kurdistani, 2017).

The facility has not been renovated and modernized for several years. For this reason the detached
concrete elements improved migration conditions in
the riverbed. However, the structure cannot be said
to be completely clear after partial damage. It can be
drawn from the research and analyses that it is clear
only in some parts and not for all species of fish studied and found in the river (see: Table 2).
Brown trout have the best chances of passing
through the drop hydraulic structure. If they enter the
right part of the facility (profiles no. 4 and 6) they
should be able to reach the upper section of the river. Compared to other analysed species, these fish are
characterized by the greatest adaptation to habitats with
high flow velocities (spindle-shaped body) and by the
ability to jump (Backiel, 1964; Crisp, 2000). Only too
high drop can be a limiting parameter for their travel (Schmutz and Mielach, 2013). Water overflowing
through a spillway with a sharp edge and falling from
a height over 0.20 m usually is an obstacle impossible
to overcome for trout. The situation is slightly different if water flows through a conveniently shaped spillway. Then threshold height may be greater, because
fish does not have to jump as it is sufficient to swim
along the current (Jelonek and Wierzbicki, 2008). The
parameter that could then limit migration is excessive
flow velocity, which can cause fish to be pushed back

Table 2. The results of analysis of migratory profiles for fish
Species

Capacity
Profile 1

Profile 2

Profile 3

Profile 4

Profile 5

Profile 6

Brown trout (Salmo trutta m. fario)

–

–

–

+

–

+

Grayling (Thymallus thymallus)

–

–

–

–

–

+

Bream (Abramis brama)

–

–

–

–

–

–

Roach (Rutilus rutilus)

–

–

–

–

–

+

Barbel (Barbus barbus)

–

–

–

–

–

+

European Perch (Perca fluviatilis)

–

–

–

–

–

+

Northern Pike (Esox lucius)

–

–

–

–

–

–

Burbot (Lota lota)

–

–

–

–

–

–

given:
+ profile clear for a particular fish species,
– profile obstructed for a particular fish species.
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into a pool located below a spillway (DVWK, 2002;
Gebler, 1991). Velocity limit for brown trout was not
exceeded at any measurement point.
Also, grayling, roach, barbel and perch have
a chance to swim through the drop hydraulic structure,
though it largely depends on where they begin their
passage. Only 1 of 6 profiles turned out to be unobstructed for them - it was profile no. 6, only there concrete elements together with wooden rubble formed
a cascade system, where all hydrodynamic parameters, especially water losses and flow velocities, at individual spillways were within the acceptable range
(DVWK, 2002; Gebler, 1991; Schmutz and Mielach,
2013). It should be noted that these fish species are
characterized by lower swimming capabilities than
trout, therefore already two parameters limited the
possibility of beating the obstacle for them (DVWK,
2002; Gebler, 1991; Schmutz and Mielach, 2013). In
profiles no. 1–5 it was the water drop, while in profile
no. 2 and 4 it was water flow velocity, additionally.
Remaining fish species (bream, pike, burbot),
also observed in the Dobrzyca River, in accordance
with recommendations and standards (DWA, 2014;
DVWK, 2002; Gebler, 1991; Schmutz and Mielach,
2013) of permissible values of hydrodynamic parameters for migrating fish, are not capable of crossing the
structure. The drop hydraulic structure is a barrier they
cannot overpass.
The facility is only partially clear and accessible
just for certain species of fish. The research showed
that better rates could be expected in the evaluated
parameters, so that there were fewer sites impeding
the migration of particular fish species. Certainly, the
current situation for migrating fish is better than immediately after the drop hydraulic structure was built.
Back then none of the species was able to overcome
the obstacle with a height of 1.5 m. At present, it can
be hoped that the facility left alone will continue to
be cleared by nature itself as deterioration and detachment of concrete elements proceeds. Often the
obstructed area, in all longitudinal profiles, was the
main threshold of the structure, which is still too high
at most widths. Its further decline, whether due to nature or man activity, would bring great improvement
in conditions for migrating fish. Partial lowering of the
structure has already happened due to breaking off of
the concrete slab at the crown of the spillway – now
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a fragment of it remains on a small section on the left
side. It should be also understood that so far the damage to the structure does not threaten its tasks. If such
a threat (e.g. loss of construction stability, loss of bed
stability and significant bed erosion or even increased
flood risk) was to occur, then precautionary measures
should be taken, like modernization of the facility.
It should be noted that the new arrangement is ever-changing. After a flood, heavy wooden rubble and
concrete elements can be displaced, modifying the
cross-sections and profiles of the longitudinal watercourse. During such a flood, in which fluvial processes
become active, one should count on further renaturization of the riverbed and a next phase of improving fish
migration conditions, which according to Osterkamp
and Hupp (2010) and Wohl and Scott (2016) is most
likely.
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PROCES NATURALNEJ RENATURYZACJI CIEKU NA PRZYKŁADZIE USZKODZONEGO STOPNIA WODNEGO: RZEKA DOBRZYCA, POLSKA PÓŁNOCNO-ZACHODNIA
ABSTRAKT
Cel pracy
W artykule przedstawiono ocenę drożności stopnia wodnego znajdującego się na rzece Dobrzycy, w miejscowości Rudki, w gminie Wałcz, w północno-zachodniej Polsce. Stopień został częściowo zniszczony, a koryto
rzeczne w tym rejonie uległo powolnej renaturyzacji. W wyniku uszkodzeń obiektu przez procesy towarzyszące siłom natury (tu: głównie wezbraniom, lecz także erozji dna), elementy wyrwane z budowli zostały
zdeponowane w niecce wypadowej i w korycie poniżej obiektu, zatrzymując wleczone rumowisko i rumosz
roślinny. Procesy te sprawiły utworzenie się struktury kaskadowej powodującą zmianę reżimu przepływu
wody przez budowlę hydrotechniczną, która nie była planowana ani projektowana. Zgodnie z obecnymi
wymaganiami środowiskowymi, budowa stopnia wodnego o spadowej ścianie bez zastosowania budowli
towarzyszących w postaci przepławek lub kanałów obiegowych nie jest możliwa.
Materiał i metody
Na skutek zniszczenia częściowego obiektu, został zmieniony reżim przepływu wody przez stopień, na tyle,
że możliwe jest pokonanie odcinka rzeki, na którym zbudowany był stopień przez ryby różnych gatunków,
bez konieczności budowy urządzeń dodatkowych. W wyniku pomiarów terenowych wyznaczono 6 potencjalnych dróg migracji ryb przez rejon uszkodzonego stopnia. Następnie oceniono każdą z dróg pod kątem
możliwości przepłynięcia ryb z gatunków występujących w rzece.
Wyniki i wnioski
Analiza wykazała, że zniszczenia częściowo udrożniły budowlę stwarzając dogodne warunki do migracji
niektórych gatunków ryb. Można wnioskować, że fragmenty oderwane z budowli i zdeponowane w korycie
poniżej obiektu należy pozostawić. Elementów nie należy usuwać z niecki wypadowej i koryta, gdyż polepszają warunki środowiskowe dla organizmów wodnych. Omawiany przypadek można więc potraktować jako
naturalną renaturyzację rzeki i częściowego udrożnienia budowli wodnej przez procesy fluwialne zachodzące
w korycie cieku.
Słowa kluczowe: stopień wodny, renaturyzacja, migracja ryb, rzeka Dobrzyca
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