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The RIBES project and the Marie Sklodowska-Curie Doctoral Networks

Claudio COMOGLIO?!

1 Politecnico di Torino, Italy
email: laudio.comoglio@polito.it

ABSTRACT

Freshwater ecosystems host a very large fraction of the world’s total biodiversity, but water infrastructures
development, growing needs for water use and climate change are causing fast population declines and
increased extinction risk for many freshwater organisms.

Balancing the conflicts among the ambitious targets set by the EU Biodiversity Strategy 2030 and those of
other EU Directives (Renewable Energy Sources, Flood Directive, etc.) that put additional pressures on
freshwater habitats, represents a challenging issue.

Under this scenario, the EU-funded RIBES (RIver flow regulation, fish BEhaviour and Status) project aims at
training 15 Early Stage Researchers in the interdisciplinary field of Ecohydraulics to find innovative solutions
for freshwater fish protection and river continuity restoration in anthropogenically altered rivers, within a
interdisciplinary and intersectoral Network of European Universities, consultancy companies, public agencies
and hydropower industry.

The main features of the RIBES project and the significant opportunities offered by the Marie Sktodowska-
Curie Doctoral Networks to implement innovative doctoral programmes advancing knowledge in the field of
water research, will be presented.
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Shallow water flow simulation: from mathematics to reality
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ABSTRACT

Nowadays, the great power of modern computers combined with well-designed numerical models allows to
develop computational models able to deal with simulations of several coupled phenomena over detailed
complex topography. An efficient and properly calibrated computational model represents a useful tool to
provide insight into the catchment dynamics at hydrological and geomorphological levels. In addition, it allows
to develop detailed risk management and conservation plans. The challenge of finding a compromise between
computational time and level of accuracy and robustness has traditionally expanded the use simplified models
(2D) rather than full three-dimensional models for flood simulation. This work presents a GPU accelerated 2D
shallow-water model for the simulation of flood events over non-erodible and erodible bed in real time. In
particular, an explicit first-order finite volume scheme is detailed to control the numerical instabilities that are
likely to appear when used in complex topography. The model is applied to reproduce real events in a reach
of the Ebro River (Spain) and the Cinca River (Spain) in order to compare simulation results with field data in
a large domain and long flood duration allowing an analysis of the performance and speed-up achieved by
different GPU devices. The high values of fit between observed and simulated results as well as the
computational times achieved are encouraging to propose the use of the model as forecasting system.

Keywords: Computational mesh, Shallow water flow, Exner equation, GPU Real time flood prediction
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Solute mixing from estuaries to pipes

lan GUYMER!
! University of Sheffield, United Kingdom
email: i.guymer@sheffield.ac.uk

ABSTRACT

Predicting the effects of management strategies and interventions on the water quality in catchments, urban
drainage, and water distribution systems, requires knowledge of the hydrodynamic processes. These processes
cover spatial scales of a few millimeters (turbulence) to several kilometers (catchments), with a similarly large
range of timescales from seconds to weeks. Water quality models, whether 1D, 2D or 3D, generally employ
solutions to the advection-dispersion equation, which require parameters to describe and integrate all the
mixing processes related to the temporal and spatial averaging processes. This presentation will summarise
some field and laboratory fluorescent tracer studies which quantify mixing processes in estuaries, river
channels, urban drainage structures and pipe flows. These studies cover a range of spatial and temporal scales
and investigate the effects of unsteady flow conditions and non-uniform shapes. The overall aim is to improve
understanding of the dominant mechanisms and to provide simple numerical descriptions to quantify the
mixing processes, for inclusion in water quality models.
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40 years of the School of Hydraulics. Past, presence, future

Wojciech MAJEWSKI

Institute of Hydroengineering of the Polish Academy of Science, Gdansk, Poland
email: w.majewski7@chello.pl

ABSTRACT

Every jubilee usually consists of three separate parts. Part one concerns the past, Part two deals mainly with
the presence and Part three concerns the future. Part one is rather simple, however, its main problems is the
assessment whether the aims formulated in the beginning, have been achieved. Part two must give the answer
whether we are going in the right direction and part three is very difficult, especially now when our future is
unknown to a great extent. | can present a full account from the first 25 Schools, which were under my
chairmanship. | do not feel authorized to estimate the results of the remaining 14 Schools, which I expect will
be done by their chairmen. Based on my own experience | will try to provide some views concerning the
presence and the future of hydraulic research.

1. Establishment and organization of the School of Hydraulics

The School of Hydraulics was established in 1981 under the auspices of the Committee for Water Resources
Management of the Polish Academy of Sciences (PAS). The initiator of the School was prof. Bolestaw Kordas,
chairman of the Committee. Associate professor Wojciech Majewski from the Institute of Hydroengineering
(loH) of the Polish Academy of Sciences in Gdansk was appointed as the organizational and scientific
chairman of the School. This Institute became also the main organizer of the School. The School was
selffinancing and there was no additional support from the PAS. This means that the participants’ registration
fees for each meeting had to cover the lodging and food expenses. It was decided that the School meeting
would be organized annualy for one week (Monday - Friday) in autumn and would be connected with a visit
to a hydraulic project, either operating or under construction.

Each School was devoted to a separate subject. It consisted of lectures, papers presented by the participants,
and communications, which were not completed projects or subjects. Initially all presentations were in Polish.
Participants were obliged to send an abstract and a Book of Abstracts was prepared before the School started.
Initially organizers accepted most papers, however, later there was the selection of papers by scientific
committee, taking into account their scientific or engineering value and its relevance to the main topic. Each
School meeting was attended by about 40 - 50 participants from higher schools, research institutes, consulting
offices, and water boards. During the first 25 years about 200 participants attended the Schools. After School
No 10 organizers started to issue proceedings from each School. This was done by the publishing section of
the loH. Although loH was the main organizer of the Schools many institutions collaborated helping in the
preparation of technical visits or local means of transport.

2. The main idea of the School of Hydraulics

The School of Hydraulics was intended as a kind of regular conference/meeting aimed to provide a forum for
discussion among scientists and engineers working in the broad field understood as hydraulics and hydraulic
engineering. By bringing together experts, academics, and practitioners as well as young scientists, the
organizers wanted to create a good atmosphere for scientific debate and the increase of knowledge, but also to
create a friendly and enjoyable atmosphere for the participants initially from Poland only and later from
Europe and the whole world. The main emphasis was on engineering hydraulics connected with various kinds
of hydraulic structures, flow in rivers and channels, various types of floods, stratified flows and ice phenomena.
Although, technical and engineering hydraulics were of main interest ecological aspects were also taken into
account. A lot of interest was devoted to hydraulic model investigations of hydraulic structures and also first
attempts to solve many flow problems by means of mathematical models. An important issue was to increase
the knowledge of School participants in hydraulic research and its connection with this realm in world
hydraulics laboratories.
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3. Achievements of Schools

The knowledge of hydraulic engineering increased considerably among participants as the result of
international contacts. More often Polish scientists appeared at the international conferences. School
participants acquired 42 degrees of doctor habilitated and 13 of them scientific titles of professor. English was
more often used during school meetings. The last two schools (24 and 25) were organized by the loH as
international in English, with many participants from abroad.

4. Changes since 2005

In 2005 the new director of the lIoH was not interested any more in further organizing the Schools and they
were transferred to the Institute of Geophysics (IoG) in Warsaw. Prof. Pawel Rowinski became chairman of
the School. Then the chairman of this School was associate professor Monica Kalinowska also from the 10G.
After discussions it was decided that it is still necessary to continue the Schools of Hydraulics in Polish. It was
organized every two years and was taken over by the Agriculture University in Krakow. Prof. Wojciech
Bartnik was appointed chairman, and now the chairman of the School is associate professor Leszek Ksigzek.

5. The present situation in hydraulic research and future prospects

I would like to add only some of my personal remarks. Research in hydraulic engineering very often reflects
the activity in engineering. Now more attention is directed towards environmental engineering, water supply
and water quality. Not much attention is directed to flood protection and the increase of retention. For the first
time in postwar hydraulic engineering such ecological disaster appeared in the Polish River Odra where
hundreds of tons of fish were poisoned. The true reason of this catastrophe was not revealed. In my opinion a
very important problem, which cannot wait for solving, is provided by climate changes.

Most interesting research topics were presented at the 39th IAHR World Congress Report (Sanchez M.O.
2022) and proposal topics for 40th IAHR World Congress (Hydrolink 3/2022).

Fig. 1. The View of Czorsztyn-Niedzica dam. Fig. 1. Dry river bed caused by meteorological drought
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On the scaling of fish locomotion and fatigue

Costantino MANES!

1 Politecnico di Torino, Italy
email: costantino.manes@polito.it

ABSTRACT

Quantifying swimming endurance is key for the design of effective fish passage solutions. Such solutions are
urgently needed to restore continuity in rivers where man-made water-infrastructures represent barriers for fish
migration and hence a major cause of biodiversity loss in freshwater ecosystems, as reported extensively in
the literature. Unfortunately, despite years of research, modelling endurance is still strongly based on weak
empirical grounds lacking any theoretically supported framework of analysis. This lecture will present some
work that has been recently carried out to bridge this knowledge gap, by a multidisciplinary group of scientists
working at the interface between fish biology and fluid mechanics. The aim of the proposed work is to provide
evidence that endurance curves pertaining to the anaerobic swimming regime (i.e. the most relevant regime
for fishway design), display a universal scaling that is susceptible to theoretical scrutiny. The proposed scaling
is derived by combining principles of fish energetics and locomotion and is tested over an extensive dataset
that was retrieved from the literature. Results demonstrate that, despite some scatter and some issues related
to the heterogeneity of the retrieved dataset, experimental data confirm well theoretical predictions.

A discussion about the practical applications of our results and some perspectives for future research work will
be presented in the final part of the seminar.

Keywords: Fish drag, Boundary layer theory, Endurance, Scaling
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Multiphase flow modelling using Smoothed Particle Hydrodynamics

Jacek POZORSKI!

Y Institute of Fluid Flow Machinery, Polish Academy of Sciences, Poland
email: jp@imp.gda.pl

ABSTRACT

Environmental applications of multiphase flows include sediment transport and phenomena involving air-
water interfaces (dealt with as either free-surface or interfacial multiphase systems). Computational treatment
of the latter may involve interface tracking or capturing that remains a challenge for modelling, in particular
in the Eulerian approach. Arguably, this is one of the advantages of the Lagrangian particle methods such as
Smoothed Particle Hydrodynamics (SPH). The meshless nature of SPH may represent some advantage for
fluid-solid interaction problems (such as moving/floating bodies) and for the treatment of complex geometries;
however, it is problematic for adaptive refinement or variable resolution in space. Upon the spatial
discretisation using interpolation points, or particles, the flow dynamics in SPH is represented by a system of
ordinary differential equations for particle’s advection and the evolution of carried-on quantities (mass,
momentum, phase indicator, etc.).

In this talk, we will present the basic features and problems of SPH in terms of its capacity to describe physical
phenomena, the convergence and accuracy of the approach along with its computational complexity, and the
numerical implementation issues. We will then present several application cases such as sediment transport,
bed scour, free surface flows, flow regime changes in gas-liquid systems. We will also discuss the weaknesses
of the approach, and perspectives to overcome them.

Keywords: Lagrangian particle methods, Smoothed Particle Hydrodynamics (SPH), interfacial multiphase
flows, free surface flows
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Flow from a fish's perspective: how live fish, bioinspired sensors and Al can be
used to improve fish passage

Jeffrey A. TUHTAN?

! Tallinn University of Technology, Estonia
email: Jeffrey.tuhtan@taltech.ee

ABSTRACT

Fish sense in the water environment using their lateral line system. It consists of tiny arrays of flexible masts
on the outer surface of the body, as well as tunnels within the body surface itself. Understanding how fish
sense and respond to flows requires us to interpret them through the lens of their lateral line system. In this
talk, the mechanosensory system of freshwater fish is presented, including the physical ranges and speeds at
which fish can process flow information. Furthermore, bioinspired fish-shaped probes are introduced which
mimic some of the ways fish experience the flow. Novel methods to process and interpret these data to improve
fish passage are presented, including a new way to modify velocity data into maps which take into account
how the fish’s body modifies the flow field itself. The use of machine learning to identify and classify complex
data sets from fish-like sensors is discussed, as well as challenges and new opportunities for ethohydraulic
studies in the lab and in the field. Improving fish passage is a major challenge, and will require new and
innovative methods to understand and interpret the complex underwater environment inhabited by freshwater
fish. The bioinspired devices and data processing methods presented in this talk are the beginning of a
promising new and challenging paradigm shift in ecohydraulics: to consider “flow from a fish’s perspective”.

Keywords: fish, sensors, passage, machine learning, flow
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Particle Image Velocimetry of 3D-printed microchannel models

Arkadiusz ANTONOWICZ!?, Lukasz MAKOWSKI?

1 Eurotek International Sp. z 0.0. Skrzetuskiego 6, 02-726 Warsaw, Poland
email: aantonowicz@eurotek.com.pl

2 Faculty of Chemical and Process Engineering, Warsaw University of Technology, Warynskiego 1, 00-645 Warsaw,
Poland
email: lukasz.makowski.ichip@pw.edu.pl

ABSTRACT

The study of fluid velocity fields in complex geometries with mechanical inaccessibility using non-intrusive
visualizing methods on a micro-scale has become possible using a proper 3D printing process. In this work,
the flow of glycerin and water solution was studied. Sodium iodide (Nal) was used to adjust the refractive
index (RI) of the solution to that of the 3D printed object for reduction of optical distortions, and xanthan gum
(XG) was added to the fluids to give them non-Newtonian properties. Results of Particle Image Velocimetry
(PIV) are comparable with computational fluid dynamics (CFD) with the same conditions. Compared can be
parameters like averaged velocity distribution, maximum velocity location, profiles across the flow, and other
derived values of vector maps. This work presents the results of PIV as multi-stitched, color-coded vector
maps from the axis cross-section along the whole 3D- printed biomedical model. The obtained data allowed a
resolution of 100 x 100 wm per single vector to be achieved. Furthermore, the results of the stitched 16 base
images of the artery and the 3D-printed model prepared were included. The results of this study show that 3D
prints allow for the creation of any of the desired geometry.

1. Introduction

The Particle Image Velocimetry is a well-known measurement technique that allows to obtain instantaneous
velocity vector maps in a cross-section of the flow in non-intrusive way. One of the main challenges relating
the use of PIV results for CFD validation in complex models are difficulties to fabricate transparent models,
that are possible to describe numerically. One of the used methods might be the silicone model (Triep et al.,
2015), but 3D printing seems to be more available technique (Aycock et al., 2017). Other challenge is to find
a compromise between a right refractive index matched of a transparent resin and the transparent fluid with
the required parameters (Ho et al., 2020). The experimental results might be compared with CFD simulations
for the same conditions as in the experimental set-up.

2. Materials and methods
2.1. Printed model and liquid solution

Geometries of printed models were obtained via Computer Tomography of patient with atherosclerosis. The
geometry was modified by adding a necking to simulate atherosclerosis. Considered geometries are one of
arteries with diameter about 4 mm. Model was printed on Forms3 3D-printer from FormLabs using transparent
resin. After printing, the model was cleaned of residual resin using isopropanol and distilled water, dried, UV
radiation cured, and polished on the outer walls. The refractive index of the prepared object was measured with
a refractometer. Solution of distilled water and glycerin allows to obtain a proper viscosity which substituted
blood, adding sodium iodide allows to maintain appropriate refractive index as 3D-printed object, xanthan
gum makes the solution with non-Newtonian properties. In addition, solution containing sodium iodide
undergoes oxidation which leads to a yellowing of the solution. To prevent or undo this process sodium
thiosulfate can be used. A fluorescent rhodamine-B-labeled poly(methyl methacrylate) particles with a mean
diameter of 10 um were used as seedling particles. Measurements with the solution were performed as a closed
loop using a syringe pump with constant flow rate.

2.2. PIV system

PIV experiments were conducted using a typical PIV system based on a double-pulsed 532 nm laser with
a <10 ns pulse duration and a double-frame camera was used with a resolution of 2048 x 2048 pixels,a 7.4 pum
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pixel size, and a 12-bit pixel depth. For camera optics, a microscope with the view of 4.85x4.85 mm? with
a long-pass filter that blocks <550 nmlight (including laser light) was used. Everything was managed using
DynamicStudio v7.5 fluid measurement software and the TimerBox TTL synchronization unit. The 3D-printed
object was placed horizontally on an XYZ translation stage with a micrometer screw that allowed for the object
to be accurately positioned in relation to a field-of-view (FOV) camera. This also ensured stability between
the microscope and the test object. Even small shocks, e.g., using an accidental table hit, generated small
vibrations that were recorded with the camera and affected the measurement run.

Fig. 1. Vector statistics and velocity magnitudes m s (along the whole blood vessel for Re = 72 (bottom) and enlarged central part (bottom).
3. Results and conclusions

The results of 2D PIV measurements are presented in Fig. 1. Measurements were done for 3 Reynolds (Re)
numbers on inlet. The results show color-coded velocity vector maps of the entire 3D-printed vessel.
The connections between consecutive images were seamless and consistent. We observed that the velocity
values increased proportionally, while the structure changed typically as expected. No boundary defects were
noticed. Everything can be compared with CFD results thanks to the geometry mapping using a 3D printer.

This study aimed to find the best solution when using 3D printing technology to measure the geometry data of
numerically indescribable objects. The described methodology indicates the great potential of the selected
3D printing technology and material for printing difficult geometries. Obtaining comparable refractive indices
of the material and fluid is extremely important.

One of the disadvantages of using a resin material for 3D printing is the relatively high refractive index (which
is 1.503 and is impossible to obtain with only a glycerin and water solution). Sodium iodide or other similar
additives are required to maintain the RI of 3D-printings. In addition, the calibration tool has to be custom-
designed and, even better, certified.

Further work should aim to measure longer flow periods and flows for larger Re numbers for some geometries.
We plan to apply our findings in future studies that will include measurements of paravalvular leaks in the
human heart. Hence, future work with time-resolved PIV is planned to resolve the true nature of the flow in

natural heart pulse conditions. Another important extent is the use a stereoscopic microscope for Stereo pPIV
analysis since 2D measurement cannot explain the behavior of 3D flows.
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Fish swimming performance: effect of flume length and different fatigue
definitions
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Andrea MARIONS, Costantino MANES!

! Department of Environment, Land and Infrastructure Engineering, Politecnico di Torino; Torino, Italy.
email: muhammad_ashraf@polito.it

2 CNR-IAS, ltalian National Research Council, Institute of Anthropic Impacts and Sustainability in the Marine
Environment; Oristano, Italy
CNR-IBF, Italian National Research Council, Institute of Biophysics; Pisa, Italy
3 Department of Industrial Engineering, Universita di Padova; Padova, Italy

ABSTRACT

Swimming performance is important for a range of fish behaviors. Quantifying fish swimming performance
in experimental facilities is influenced by channel geometry, size and length. Also, the lack of a standard
fatigue definition potentially affects the assessment of the fish swimming performance. Experiments on juve-
nile Vairone (Telestes muticellus) were conducted to elucidate the effect of different flume lengths and fatigue
definitions on swimming performance estimates using a fixed velocity protocol. Three swimming arena lengths
of 15, 30, and 100 cm in an open channel flume were tested under two different mean flow velocities, 35 and
45 cm st, The effect of two different criteria for determining time-to-fatigue was studied: (1) untapped fatigue,
i.e. fish were considered fatigued when resting on the downstream grid for > 3s. (2) tapped fatigue, i.e. when
fish rested on the grid it was gently tapped to encourage swimming. The third time it returned to the
downstream grid, it was considered fatigued. Difference in time to fatigue of vairone was statistically
significant between the two treatment velocities, i.e. 35 and 45 cm s™. Flume length affected swimming
performance based on untapped but not on tapped fatigue definition. It is concluded that the criteria used to
define fatigue may have an influence on the conclusions drawn from fish swimming experiments.
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Discharge capacity of an improved form of labyrinth weir
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07000, Algeria
email: bensaid.mosbah@gmail.com//bensaid.mosbah@crstra.dz

2 Department of Hydraulics, University of Biskra, BP 918 RP, Biskra 07000, Algeria

ABSTRACT

The aggravation extreme weather events have greatly increased interest in the safety of flood control structures,
especially the safety of dams and reservoirs. Non-linear weirs such as labyrinth weirs represent an effective
option for improving the safety and resilience of these types of facilities. The labyrinth weir designed with
trapezoidal and triangular shape in view plan has been used in research and application for several decades.
However, the rectangular plan form can also be a more efficient and cost-effective structure. This study used
experimental and numerical modeling to investigate some improvements to the standard labyrinth weir shape.
The tested models, three models of rectangular labyrinth weir and two models having trapezoidal shape, were
examined in rectangular channel conditions for developed crest length ratios (L/W) equal to 4 and 5. In
addition, to verify the potential of the overhangs for the labyrinth weir, three overhang arrangements were
tested: with upstream and downstream overhangs (symmetrical); with only upstream overhangs; and, with only
downstream overhangs. The obtained results confirmed the performance improvement of this type of weir by
the adoption of an improved form of the labyrinth.

Key words: Non-linear weir, Experimental modeling, Numerical modeling, Discharge efficiency.
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Refining velocity measurements protocols in a lowland vegetated channel
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! Faculty of Geography and Regional Studies, University of Warsaw, Poland
email: a.broz@student.uw.edu.pl

23 Institute of Geophysics, Polish Academy of Sciences
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ABSTRACT

The hydrometric measurements in the Warszawicki Channel, located in central Poland (Fig. 1), were conducted
using the electromagnetic flowmeter Valeport Model 801. The velocity of the water flow and the morphology
of the channel were measured as a part of a preliminary study and preparation for the tracer experiment to find
the most efficient way of conducting such measurements during the planned study. Obtained velocity
distributions lacked a logarithmic profile in the considered small channel due to, e.g. low water depth and bed
vegetation. Consequently, the best formula for calculating the mean velocity was found to bethe average of all
velocity measurements rather than the commonly used formulas assuming the logarithmic profiles. Moreover,
conducting the measurements every 10% of the water depth considerably increases the accuracy of discharge
estimation in considered conditions.

Fig. 1. Location of the Warszawicki channel with measurement points (red triangles). © OpenStreetMap contributors 021. Distributed under
the Open Data Commons Open Database License (ODbL) v1.0. Small top, right map of Poland, adapted from Nones (2021).
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1. Introduction

Hydrometric measurements are essential in many studies, such as flood simulation or modelling the transport
of pollutants. To measure water velocity in watercourses devices such as an electromagnetic flow meter,
Acoustic Doppler Current Profiler (ADCP) and Acoustic Doppler Velocimeter (ADV) are used. An
electromagnetic flow meter was used in the analyzed channel due to its ease of use in the given conditions and
the desired accuracy. Hydrometric measurements in the field are time-consuming, therefore it is crucial to
determine the most effective way to conduct the measurements.

2. Results and discussion

The channel bathymetry was measured in 11 cross-sections along the selected reach of the Warszawicki
Channel (as marked in Fig. 1, red triangles). Flow velocity was measured in the selected cross-sections at 10%
depth increments for each vertical profile (every 0.5 meters) using the electromagnetic flowmeter Valeport
Model 801, which uses Faraday's law of electromagnetic induction. It is suitable for working in shallow and
overgrown watercourses (Katuza et al., 2013). The obtained hydrometric data were used to burn the channel
into a Digital Elevation Model to perform future steady flow simulation (Fig. 2). Velocity for each vertical
was calculated using three formulas:

1. If the depth < 0.2 m: Vaown ; If the depth = 0.2 m (Vaowh + 2Vaooen + Vaooen) / 4; @
2. (Va2o%h + 2Vaosen + Veowen) / 4; )
3. The arithmetic average of all obtained measurements in the given vertical profile; (3)

where Vaoun — Velocity measured at 20% of the depth in a vertical [m s™], Vaown — velocity measured at 40% of
the depth in a vertical [m s, Vsoun — velocity measured at 80% of the depth in a vertical [m s2].

The obtained velocity values were used to calculate the flow discharge (Q) for each of the selected cross-
sections (Tab. 1). The most accurate formula was the third, which used all measurements (the smallest
differences between obtained flow discharge values in different cross-sections). Moreover, the difference in
the obtained flow discharges was calculated using the velocity measurements at every 10% and 20% of the
depth. The analysis showed a notable difference, suggesting dense measures in vertical profiles whenever
possible.

Table 1. Flow discharge (Q) calculated with different
formulas in selected cross-sections.

where Qv1 — discharge calculated with the first formula (1),
Qus2 — discharge calculated with the second formula (2),
Quss — discharge calculated with the third formula (3).

Fig. 2. Visualization of the morphology of Warszawicki Channel
with marked cross-sections.
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ABSTRACT

Over the past decade, acoustic telemetry has become common-place in studies on fish movement and
behaviour. Over small spatial scales, arrays of acoustic receivers can be used to estimate movement paths in
2- or 3-dimensions along high temporal resolutions. Despite the growing prevalence of acoustic telemetry
arrays, guidelines on how to generate robust position estimates - and further utilize this data in animal
movement models such as hidden Markov models or step selection functions - are sparse. As animal
movement models generally require either true positions or accurately specified spatial error distributions,
understanding positioning error is crucial for behavioural inference. Here, current methods of telemetry
positioning are reviewed. Simulated case studies are used to highlight the effect of state space model parameter
selection on positioning accuracy, and in turn, the fitting of animal movement models.
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A jet, imping on a loose bed stilling basin will induce a scour hole, thus changing the bed geometry, which
will also affect the flow field in the stilling basin. The erosion caused by the jet will create a scour hole and a
decomposition bar. Both will evolve in time until, hopefully, they reach an equilibrium. As the bed reaches the
equilibrium, it is also expected, if the flow rate stays constant, that the flow in the stilling basin will become
steady and can be easily analyzed by imaging methods. In this paper an analysis of the surface velocity field
in the stilling basin at the equilibrium is made with emphasis on the flow above the decomposition bar. Two
techniques are used: Particle Image Velocimetry for an overall analysis of the flow, allowing to characterize
the recirculation areas in terms of size and intensity and Particle Tracking Velocimetry allowing for a
Lagrangian analysis of the flow, and therefore allowing to directly compute the trajectories of individual
particles. Particle Tracking Velocimetry allows also to compute the velocity field in region of the flow where
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ABSTRACT

the seeding concentration is low.
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ABSTRACT

This study provides insights into the mechanisms of drag generation on fish-shaped bodies in turbulent open-
channel flows. We conducted a set of experiments with rigid 3D-printed models of rainbow trout
(Oncorhynchus mykiss), recording velocities upstream and downstream of a model along with drag force. For
a range of fish Reynolds numbers, we have (1) assessed mean values of drag and drag coefficients, and (2)
investigated drag force fluctuations and their link with upstream undisturbed turbulence. Correlation functions
confirm a direct link between upstream velocity fluctuations and drag force fluctuations, although other
mechanisms contributing to drag force fluctuations are likely and remain to be studied further. Insights into
the hydrodynamics of fish-shaped bodies may lead to improvements in the design of fish passageways.
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ABSTRACT

The study demonstrates the ability and application of wavelet transform for regional clustering of
non-stationary river discharge datasets. The wavelets can provide detailed information on time-
dependent components in time series with varying frequencies by overcoming nonstationary behaviour in
the time series datasets (e.g. river’s discharge). The method was analysed with the use of monthly maximum
discharge data for selected gauging stations. Monthly data were used because they constitute the basis
for classifying hydrological regimes in Poland. Continuous wavelet transforms for six levels of
decomposition were used in the study to identify the changes at 3 months (0.25 years), seasonal (0.5 years),
annual (1 year), 2, 4, and 8 years. The data were processed with the mother Morlet wavelet using the
WaveletComp package in R.

1. Introduction

The hydrological characteristics of a catchment are represented by the stream flow influenced by internal
catchment parameters like geographical, geological vicinity, land cover, and external elements e.g.
meteorology (rainfalls). Because of the integrated effects of all these factors and others which may act at
different scales, the stream flow can be regarded as the catchment's signature (Zoppou et al,2002). A non-
stationary time series can be decomposed using wavelets into several temporal scales and each scale can be
used to withdraw hidden historical information (Hadi and Tombul, 2018). A wavelet can represent the time
and frequency state by breaking down the signal into small waves which are escalated and relocated versions
of the mother wavelet (Dadu and Deka, 2016). The continuous wavelet transform is suitable for the analysis
of seasonal and interannual changeability in river discharges (Potocki et. al, 2013).

In this study, we apply continuous wavelet transform to the monthly maximum discharge data to show how
wavelets can capture discharge signals at different levels which are 3 months (0.25 years), seasonal (0.5
years), annual (1 year), 2, 4, and 8 years. The WaveletComp package in R was used to make the
wavelet power spectrum. The aim of the study is to show how the wavelets methodology detects the high
and low discharges in selected gauges on Polish rivers.

2. Method

We have used the continuous wavelet transform method for our study, as it can reveal the features under the
multi-temporal scale (Sang, 2013). In the study we used the WaveletComp package in R (Schmidbauer
and Roesch, 2018) apply the Morlet (1982) wavelet to transform the discharge signals:

a(t) = n—1/4eiwte—t2/2 (1)

Where a(t) is the Morlet wavelet, i is the imagery operator (i = sqrt(-1)), time is t[s] and the rotation rate is
given by the angular frequency w[rad s]. For a signal x(t), the continuous Morlet wavelet transform is a
merged series of a set of daughter wavelets originating from the mother Morlet wavelet obtained by shifting
in time by 7 and scaling by s:

N

wave(t,s) = Z x(t) %a* (t_r) 2)
t

Where a* is the complex signal corresponding to a(t). 1 sqrt(s)* standardizes the energy at varying time and
scales. The wavelet power spectrum is given by

Power(t,s) = % |[Wave(z,s)|? ®3)
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Using Eq.(4) the wavelet power across all scales can be estimated. The fluctuation of discharges at various
frequencies is very conveniently described by the wavelet power spectrum.

Fig. 1. Wavelet power spectrum capturing the 1997 and 2010 floods in Poland for the gauging station Chalupki located on the Oder
river(western Poland).

3. Results

Figure.1 shows an example of the wavelet power spectrum for monthly maximum discharges at the gauging
station Chalupki located by the River Oder (Western Poland). A study by Dubicki et al.(2005) showed that the
gauges in the Oder river and its tributaries have been at high alarm levels several times from 1945 till 2004
which is captured by the wavelet power spectrum(red colour). The 1997 floods and the recent 2010 flood in
the Oder River are displayed with the highest power.

4. Conclusion

The wavelet method is a suitable approach for the analysis of non-stationary time series as it estimates spectral
characteristics as a function of time. It can also provide an additional benefit to hydrological regionalisation
by using the non-stationary parameters which are necessary for current climatic scenarios.
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ABSTRACT

In the year 2022, a series of experiments were carried out in the hydraulic laboratory of the Institute of Hydro-
Engineering of the Polish Academy of Sciences. The experiment was carried out in a laboratory channel with
groynes and a movable bottom. The experiment involved 5 flows, each lasting for five hours. The 3D scans
were taken after each flow, from which point clouds and differential maps were developed. Preliminary results
confirmed that scanning significantly facilitates the analysis of results and the calibration of sediment transport
phenomena in mathematical modelling.

1. Introduction

3D scanning technology is commercially widely used in civil engineering and shipbuilding for scanning
installations, structures, and equipment. In hydrology, the technology is used to observe large-scale changes,
such as rebuilding a river bank, reconstruction of a beach after a storm, and changing the shape of floodplains
after a flood wave has passed. Due to the accuracy of the obtained results and the easy digitalization of the
scanned objects, this technology has great potential when studying sediment transport and changes in bottom
bathymetry under laboratory conditions. In this experiment, the 3D scanning technology was used to digitize
the rebuilt channel bottom due to increasing flows to mimic a flood wave.

2. Methods
2.1. 3D scanning technology

The FARO FOCUS 70s scanner was used in the experiments. It utilizes laser technology to create extremely
detailed 3D images of the investigated object. The resulting images are a collection of millions of points in 3D
space. The scanner sends an infrared laser beam to the centre of its rotating mirror. The mirror deflects the
laser beam vertically around the scanned environment. Scattered light from surrounding objects is then
reflected back to the scanner and analysed. The main difficulty in carrying out sediment transport research is
that there must be no water in the channel.

2.2. Experimental procedure

The research was conducted in a laboratory channel representing a river section with a system of 5 pairs of
symmetrical groynes spaced 2.5 m apart. The laboratory channel was 60 m long and had a trapezoidal cross-
section with a base of 3 m and slopes inclination of 1:2.

Fig. 1. Scanner positions around the laboratory channel.
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The channel bed between all groynes was covered with a 0.18 m layer of fine sand (~30 m?).
Experiments were carried out for Q = 50, 75, 100, 125, and 150 | s, and each of them lasted for 5 hours.
During this time, a constant water level of 0.22 m was maintained relative to the initial sediment alignment.
This increasing flow was intended to simulate the rising phase of the flood wave. Between flows, the
morphology of the resulting bottom was not brought back to its original appearance. After every 5 hours, the
laboratory channel has been drained and a 3D laser scan was performed. Eight scanner positions outside the
channel were used; scanner lens was always located halfway between the groynes (Fig.1).

From each position of the scanner, a full image of the visible object was obtained. The eight scans, covering
the channel section with sediment at the bottom, were then processed in Scene software; in the presented area
the cloud of points consists of around 700 million elements.

3. Results

The results of the experiment are depicted as sets of point clouds representing the evolution of the bottom
morphology after each flow. Each cloud consists of 8 scans composed based on characteristic points occurring
in the laboratory channel. The accuracy shown in the software report was 1.5 mm. The obtained point clouds
can be used in many ways in the analysis of the studied phenomenon. Figure 2a. shows the point cloud of
initial condition with the original colours additionally applied.

Fig. 2. a) Point cloud with actual colour mapping before the start of the experiment (scan 0). b) Differential map between the state after 25
hours of experiment and the initial state.

The results of the experiment were compiled in the form of the difference maps as follows: 1. comparing the
state of the bathymetry after a given flow in relation to the initial state and 2. comparing the state of the
bathymetry between two consecutive flows. The map given in Fig. 2b compares the first '0' scan taken after
sand placement (initial condition) and the last scan after 25 hours of experiment. In this visualisation, a colour
legend was added. Green colour indicates unchanged areas (e.g. groynes), blue indicates areas where sediment
has been lost, while yellow and red indicate areas where sediment has been accumulated. The Scene program
provides a wide range of tools to facilitate the analysis of scans, such as the creation of cross-sections, length
measurements in all planes, or adjusting the graphical setting of the obtained data to facilitate the analysis. For
example, the user can identify the places where the sediment accumulation is greater than 0.15 m.

The resulting map allows for an accurate analysis of morphology changes between cases. It is relatively easy
to obtain a required data set, and operate scanner by a single person. However, the main advantage of using a
3D scanner for sediment transport research is that results from laboratory conditions can be easily compared
with results from mathematical modelling, facilitating calibration/verification process.

The main disadvantage of using a 3D scanner to study sediment transport is necessity to scan the laboratory
channel without water; this is due to the fact that water scatters the laser beam and distorts the results. The
effect of not deleted water between the first pair of groynes is well seen in Fig. 2b.

The results of the preliminary experiments are satisfactory and further studies using the technology described
above are planned.
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ABSTRACT

The main problem presented in this paper is the safety inlet navigation of the waterway below the bridge in
the city of Kaunas in Lithuania. The analyzed reach is located in the Nemunas river downstream of the Kaunas
dam. It is a part of the waterway E—41 leading to the Klaipeda harbor on the southern coast of the Baltic Sea.
The work was initiated by the Lithuanian company UAB "Inzinerinis projektavimas" with funds from the EU
TEN-T project. The main requirement imposed along this reach is to keep sufficient depth even if the hydraulic
conditions are in the range of the lowest flows. Specifically, the depth is considered to be sufficient in the
investigated reach if it is not lower than 1.15 m for minimum flows such as Qgs% and Qgsos With ice. However,
the required depth is greater and equals 1.40 m below the city. Hence these two depths are taken into account
to assess the risk to inland navigation. The hydraulic conditions for maximum flow Qsow, Qse%, and Qi are
also taken into account for control because the threat of hydraulic jump generation was noticed. The values of
tested discharges are presented in Table 1.

Table 1. Provided hydrologic information (source: Lithuanian Hydrometeorological Service).

type minimum flows maximum flows
probability of exceedance 95% 50% | 5% | 1%
specific conditions without ice with ice -
symbol Qos% Qo5%,ice Qso0% Qs% Q1%
value [m® s 71.6 91.5 1212 2143 3079

The research is based on geo-referenced data from public and non-public sources. These include the digital
terrain model of the standards required by the EU Flood Directive, ortophotomap, land cover layers as well as
the design of the modeled bridge in the CAD format. The hydrologic data were received from the Lithuanian
Hydrometeorological Service. Additionally, the current bathymetry of the investigated reach was measured
and reconstructed by spatial interpolation. The tools available in the ArcGIS software were applied to prepare
the basic data for numerical simulations. Both active versions were used, ArcGIS Desktop and ArcGIS Pro.

Two different pieces of software were tested. These are well-known models (1) HEC-RAS and (2) Iber. The
first is developed by Hydrologic Engineering Center (HEC), USA (Brunner, 2020). The model consists of a
quite developed 2D flow module. The simulations may be done with full shallow water equations as well as a
simplified version called diffusive wave. The computational module is supplied with a unique mesh generator.
The mesh fitness to the irregular boundaries is satisfied with the polygons of the more complex shape, but the
computational efficiency is achieved by the implementation of simple rectangular cells in the internal parts of
the modeling region. The software is also supplied with other computational techniques increasing the
efficiency of the 2D module, e.g. high resolution subgrid model. The HEC-RAS is a good example of
computational river hydraulics, where sophisticated numerical techniques like finite volume methods are
combined with semi-empirical approaches and more practical engineering methods.

The second applied model, called Iber, is a product of cooperation between main Spanish institutions like
GEMA and Flumen Institute (Sanz-Ramos et al., 2022). The model utilizes the GID package created by
CIMNE. The numerical approximation of the shallow water equations is the basis of the computational module.
The applied method is a finite volume with Roe scheme on the general unstructured mesh with triangle and
guadratic elements. The model is a pure computational dynamic approach with very few simplifications.
Experience and carefulness are necessary to properly set the modeling parameters.

The methods of spatial data introduction to both programs are not the same due to the differences in the
processing of this data. While the HEC-RAS transforms digital terrain models and other spatial data into HDF
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format, Iber processes the data stored as separate layers like SHP, TIFF, ASCII, etc. The preparation of the
model in the HEC-RAS package may be a little bit longer, but the usage of the HDF format enables effective
access to the data during computations. On the other side, processing the results requires a transformation of
layers stored in HDF files into formats readable by GIS software. On the other side, Iber simulations are based
on the standard GIS layers and the results are mainly written in ASCII files. It simplifies the preparation of the
model and makes access to the results straightforward, but computations may last longer. This is compensated
by the effective usage of computational resources.

The models were validated based on physical model experiments. The physical model was created in the Water
Laboratory at Poznan University of Life Sciences, Poland (Dysarz et al., 2023). Three experiments were
conducted in the laboratory with scaled values of Qgse, Qso, and Q1.

Table 2. Classification of risk.

level of risk depth [m] velocity [m s!]
min max min max
low 0.00 1.15 0.00 0.75
medium 1.15 1.40 0.75 1.50
high 1.40 - 1.50 -

The validated numerical models were implemented to test different values of the unknown roughness of the
channel bottom. The results of the simulations with flows Qgsy% and Qgsu,ice, and Qsose.Were depth and velocity.
These maps were classified into zones of no risk, middle risk, and high risk (Table 2).

The application of ArcGIS in the post-processing phase lets to identify the locations of the hazards. The
magnitude of risk was expressed in terms of minimum depth achieved, maximum velocity observed, as well
as the length of the reaches with high risk related to these two factors. Additionally, the opportunity to generate
the hydraulic jump is analyzed. Such risk was mentioned in the phase of the project preparation. Conducted
results confirmed that the combination of hydrodynamic simulations and geoprocessing in the stage of pre-
and post-processing could be a powerful tool in hydraulic engineering analyses. Additionally, is worth noticing
that numerical modeling enables a wider analysis of potential conditions than could be possible with a physical
model only.

(@) (b)

Fig. 1. Comparison of results for minimum flow Quss% and roughness 0.015 s m3,
(a) HEC-RAS results with dynamic wave model, (b) Iber results with 1% order scheme

In general, the models provide compatible results, but some differences are visible. The example is presented
in Fig.1. The maps present a comparison of depths in the most problematic area located just below the bridges.
Although the zones of the maximum depth are compatible, it is well visible that the inundation areas and
classes of depth differ a little bit. Similar compatibility is observed in the comparisons of the velocity fields.
However, both models let to draw the same conclusions based on the minimum depth, the zones of depth
scarcity, and values of the velocity.
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ABSTRACT

Fragmentation of rivers by manmade barriers have impeded the ability of riverine fish to move freely. Barriers
can be improved by fishways that can partially mitigate the negative impacts by acting as aquatic corridors.
Effective fishways require knowledge about the physiological and spatial demands of fish species, but existing
knowledge largely derives from laboratory settings. Evaluating fishway performance is needed for
optimisation of their hydraulic design and positioning. Qualitative methods include trapping, electrofishing,
and camera observations to estimate numbers of individuals passing (effectiveness). For quantitative assess-
ment, the study of individual fish behaviour can identify fishway sections in need of improvement and estimate
associated efficiencies. This can be accomplished by telemetric techniques such as PIT tagging, radio, and
hydroacoustic telemetry.
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ABSTRACT

The hydraulic design of nature-like unstructured block ramps is based on empirical approaches hampering the
proof of passable migration corridors for fish. The research project “MigRamp” aims at identifying and
guantifying migration corridors of upstream migrating fish on nature-like unstructured block ramps by link-
ing fish trajectories, bed topography and local flow field. For this purpose, combined fish-biological and
hydraulic investigations were carried out on an existing nature-like unstructured block ramp in the field and
laboratory tests. This paper describes the field measurements and reports preliminary results of an identified
migration trajectory of a brown trout and its correlation with hydraulic parameters.

33



XL International School of Hydraulics, 23-26 May 2023, Katy Rybackie, Poland

Applying hidden Markov modelling to fine-scale telemetry

Jelger ELINGS?, Rachel MAWER?, Matthias SCHNEIDER? , Ine PAUWELS?, Stijn BRUNEEL?, Johan COECK?3,
Peter GOETHALS?

1 Aquatic Ecology Research Unit (AECO), Department of Animal Sciences and Aquatic Ecology Ghent University,
Ghent, Belgium
email: jelger.elings@ugent.be

2 SJE Ecohydraulics GmbH, Stuttgart, Germany
3 Research Institute for Nature and Forest, Aquatic Management, Brussels, Belgium

ABSTRACT

Recent developments in fine-scale acoustic telemetry have resulted in large datasets containing highly detailed
information on fish movement. A common tool in movement ecology is the application of hidden Markov
models (HMMs) to uncover hidden behavioural states from telemetry data. Currently data collection can take
place at a finer temporal scale than is typically used for HMMs. Although HMMs can still provide valuable
insights into fish behaviour the current fine-scale data can introduce some conceptual and practical challenges
in model development.

In this paper we look at the potential of straightness index. This index retains fine-scale movement data while
smoothing movement data, allowing for the development of HMMSs. Using such an approach can be essential
in finding behavioural responses of fish to the ecohydraulic environment, and might, in turn, inform fishway
design.
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ABSTRACT

Fish passes are an important tool for minimizing the negative impacts of in-stream infrastructure on
ecologically and economically important fish species. However, their efficacy is not perfect, and fish do not
always respond to these structures as expected. One reason for this is that we do not have a complete
understanding of what sensory stimuli influence fish passage behaviour. While considerable work has gone
into quantifying the effect of the hydrodynamic environment on these behaviours, much less is known about
how other sensory channels affect them, despite evidence that visual, auditory, and even olfactory stimuli play
a role in governing these behaviours. Thus, we call for an increased consideration of how fish passage
behaviours are impacted by information detected across multiple sensory channels. Developing this knowledge
will aid the retrofit and improvement of exisiting fish pass structures, along with