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Experimental Methods and Laboratory Instrumentation  
in Hydraulics 

PREFACE 

The recent development of equipment and software for hydraulic measurements, data analysis, 

and visualization, has introduced new opportunities but also new challenges for research and 

technical cadre.  

The advanced methods and techniques are significantly contributing to a more comprehen-

sive approach in analyzing research problems, enabling testing new theories and adding new 

study possibilities. Such advancements are particularly important for experimental studies 

which rely on good data quality and reliable methodology. The set-up of new equipment often 

requires the development of custom solutions, acquisition of new skills and experience to be 

able to interpret the data. In the multitude of available equipment, laboratory setups, and tech-

niques, it is necessary to exchange knowledge and experience to identify the best solutions to 

solve challenging research problems. This information is rarely covered in scientific communi-

cation. Thus, this webinar was designed to serve as a platform for academics, technicians, and 

practitioners from the industry to share their experience in modern hydraulic experimental ap-

proaches. Presentations were then specifically chosen to tackle state-of-the-art and well-estab-

lished methods employed for measuring e.g. the water velocity, density, particle tracking, 

quantification of acting forces in water, numerical description of bed geometry.  

The main aim of this webinar was therefore to bring together young and experienced re-

searchers, who are often pioneers in implementing some methods, and specialists from the in-

dustry. The former group is also connected with IAHR Young Professionals Network, which 

gathers both students and scientists and is a part of this webinar. We believe the participation 

of young people is especially important to foster their professional development, to help them 

in seeking the newest, most optimal methods for their investigations and to build a community 

of future specialists. This would not be possible without the participation of experienced re-

searchers and practitioners who often operate with top-grade equipment. We hope that the webi-

nar will spark a meaningful discussion, initiate new ideas and promote collaboration between 

participants in the near future. 

The present work is summarizing the outcomes of a webinar on Experimental Methods and 

Laboratory Instrumentations in Hydraulics, co-organized by the Institute of Geophysics of the 

Polish Academy of Sciences, the IAHR Committee on Experimental Methods and Instrumen-

tation and the IAHR Poland Young Professional Network. During the webinar, six keynote 

lectures will combine with three speeches from industry representatives and 27 technical con-

tributions, mainly coming from young researchers.  
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In terms of the geographical distribution of the abstracts, around 15 countries are repre-

sented, showing the importance of the topic in the actual literature, and the willingness for 

developing international and transdisciplinary connections. 

We would like to acknowledge the contribution of the Scientific Committee, which helped 

us in judging the abstracts, suggesting changes and future directions that, hopefully, can con-

tribute to new outcomes and in filling gaps in the understanding of fluid dynamics at the labor-

atory scale. 
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Hydro-acoustic Techniques in Hydraulics Engineering 

Massimo  GUERRERO 

Department of Civil, Chemical, Environmental and Materials Engineering, University of Bologna,  

Bologna, Italy 

 massimo.guerrero@unibo.it 

A b s t r a c t  

Underwater sound techniques began since Leonardo Da Vinci which listened to ap-

proaching ships by using a tube in water and placing its outer extremity to hear. The sound 

speed into water was firstly measured on Lake Geneva in 1826 whereas the modern acoustics 

is due to Lord Rayleigh which lived in the late 19th and early 20th century. In spite of these 

well consolidated bases, the using of acoustic techniques in hydraulics is pretty recent and 

developed in parallel for laboratory and field applications. Ultrasound techniques are partic-

ularly relevant in case of opaque fluids and for no optical access through boundaries. This talk 

delineates important features of hydro-acoustics and the instruments used. Some experiences 

show the acoustic investigation of sediment transport, which has always been a challenging 

task in riverine environment, and sea waves tests carried out at the hydraulic laboratory of the 

University of Bologna. 

Keywords: hydro-acoustics, Doppler effect, backscatter, sediment transport, waves impact. 

1. INTRODUCTION 

Hydro-acoustics is a quite novel discipline which is the application of underwater sound to 

investigate a variety of parameters in hydraulics (e.g., water depth, flow discharge, suspended 

sediment concentration, bedforms). The using of underwater sound began since centuries but 

technical advancement were mainly produced while aiming at locating submarine targets during 

the world wars which gave rise to SOund Navigation And Ranging technology (i.e., SONAR) 

and has laid the foundation for following environmental, engineering and medical applications. 

Particularly relevant for the hydraulic engineers, the development of the Acoustic Doppler Cur-

rent Profiler – ADCP (Gordon 1996) and the Ultrasound Velocity Profiler – UVP (Takeda 

1986) enabled the velocity profiling of a water column in the field and in laboratory, respec-

tively. Both these technologies relies on the scattering back of sound from particles transported 
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by the fluid flow. The projected sound by active transducers is then received at the same trans-

ducers that is typical for mono-static configuration. The receivers and the projector are different 

transducers in the bistatic configuration which was evenly implemented for punctual measure-

ment, the Acoustic Doppler Velocimeter – ADV, and more recently for velocity profiling: the 

Acoustic Doppler Velocity Profiler – ADVP (UBERTONE 2019). Emitted and received signals 

differs of the Doppler shift that is linearly correlated with the particles velocity by means of 

speed of sound into the fluid. While this represents a direct velocity measurement (i.e., with no 

need for calibration) a number of physical limitations must be carefully considered when de-

signing an experimental campaign. These affect the measurable range, the resolution and accu-

racy  and undermine the reliability of measured velocity profiles. This combines with the signal 

modulation and following processing adopted by instrumental developers. As a matter of fact 

different technologies developed depending on the targeted application. For example the ADCP 

uses the broadband technology which enables accurate and detailed profiling in a variety of 

field conditions but makes the returning signal uncorrelated in case of extreme conditions. Dif-

ferently, the UVP typically applies two pulse coherent technique which is subjected to Aliasing 

but allows a larger control to end users. 

2. EXPERIENCES IN USING HYDROACOUSTC TECHNIQUES 

Laboratory and field applications parallelly developed and a number of acoustically based 

methodologies thrived aiming at measuring specific parameters and for well-defined ranges. In 

any case, hydro-acoustics is particularly relevant in case of opaque fluids that is exactly the case 

of sediment transport measurement in the turbid river flow, and for no optical access through 

boundaries that may be the case of many experimental set-ups in the hydraulic laboratory (e.g., 

wavy water surface). Therefore, we aimed at characterizing the suspended sediment transport 

and bedload in rivers by using the ADCP that is usually available in the field for river flow 

discharge measurement. This research effort entailed the testing of backscattering, mono-static 

and bi-static technologies (i.e., UVP and ADVP) under controlled condition in different labor-

atories which produced some methodologies for the profiling of suspended sand from river bed 

in large rivers (Guerrero and Lamberti 2011; Guerrero et al. 2013; Szupiany et al. 2019), the 

continuous monitoring of suspended sediment transport at river channel stream (Guerrero and 

Di Federico 2018; Aleixo et al. 2020) and the estimation of bedload rate at riverbed (Conevski 

et al. 2019, 2020). Furthermore, we applied the UVP in experimental set-ups characterized with 

wavy surface and transient conditions partially disabling optical methods deploying from water 

surface. These were the cases of reconstructing the hydraulic conditions which mobilized 

coastal mega boulders (Bressan et al. 2018) and the testing of overtopping processes at scaled 

dikes (Gaeta et al. 2020).  

Acknowledgments .  I greatly acknowledge all my co-authors: the mentioned results 

would not have been possible without their valuable and prevalent contributes. 
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Automating Hydraulic Engineering Experiments 

Stuart CAMERON 

University of Aberdeen, School of Engineering, Aberdeen, United Kingdom 

 s.cameron@abdn.ac.uk 

A b s t r a c t  

Automating hydraulic engineering experiments may allow an increased number of sce-

narios or repetitions to be studied within a research programme and additionally increase 

measurement precision by reducing human errors. Several aspects of the Aberdeen Open 

Channel Facility (AOCF) have already been automated, including flow configuration and 

control and stereoscopic particle image velocimetry deployment and calibration. We expect 

these developments to contribute to scientific progress through enabling larger systematic 

data sets in future studies. 

Keywords: automation, particle image velocimetry, open-channel flume. 

1. INTRODUCTION 

Hydraulic engineering research often involves a large parameter space requiring systematic ex-

periments to fully uncover underlying physical mechanisms. For example, uniform, steady, 

open-channel flow over a rough bed may be characterised by the flow depth (H), the shear 

velocity (u*), the depth averaged velocity (U), the channel width (B), the bed slope (Sb), the 

fluid density and viscosity (ρ and ν), the roughness height or particle size (∆), and potentially 

additional length scales describing the roughness geometry. To study hydraulic resistance or 

turbulence structure, for example, the number of experiments required to explore the relevant 

parameter space may be unachievable with traditional laboratory flumes and measurement tech-

nologies. These restrictions on the amount of data that can be captured during a research pro-

gramme ultimately limit scientific progress. In this paper, we explore how automating aspects 

of hydraulic engineering experiments can address this shortfall, with particular focus on auto-

mating PIV deployment and flume setup and configuration. 
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2. AUTOMATING HYDRAULIC FLUMES AND INSTRUMENTATION 

Automation in this context means to bring aspects of an experiment under the control of a com-

puter software programme. One reason to attempt this is to reduce experiment setup time and 

reduce down-time between experiments. Automation, however, has additional benefits in that 

experiment methodology is precisely defined by a computer programme. Therefore, results are 

highly repeatable, human error is minimised and produced data is of higher quality. At the 

University of Aberdeen we have been exploring how automation can support our research pro-

jects. In the following, a few examples of our progress to date are outlined. 

2.1 Particle image velocimetry 

Stereoscopic particle image velocimetry poses several challenges that must be overcome before 

it can be programmatically controlled to deploy across a sequence of measurement positions. 

Firstly, “water prisms” attached to flume sidewalls are conventionally used to limit internal 

reflection and image distortion, however, they prevent the measurement plane from being trav-

ersed. Secondly, a typical calibration procedure involves creating near still-water conditions in 

the channel, then taking pictures of a dot grid calibration plate manually positioned at several 

different points within the camera field of view. We have addressed these challenges by design-

ing a “semi immersible” camera lens and implementing a single point calibration technique. 

The semi-immersible lens was designed such that a prism at the tip of the lens just penetrates 

the water surface. The camera can then be traversed within the channel, free from the constraints 

of the water prisms. The calibration plate in our setup was replaced with a height-adjustable 

back-lit pinhole that can be deployed through the flume bed, even when the flow is running. 

We then traverse the cameras, taking pictures of the pinhole to generate the data required to 

compute a pinhole camera calibration model. This calibration approach can be run automati-

cally after an experiment without manual intervention. We have used this setup in the AOCF to 

measure double averaged velocity field statistics over rough beds. 

2.2 Open-channel flume 

Establishing a uniform flow in a laboratory open-channel flume with a prescribed flow depth 

(H) and shear velocity (u*) involves calculating and setting the required bed slope  Sb = u*
2/[gH], 

where g is acceleration due to gravity, and then experimentally adjusting the flowrate and weir 

setting until uniform flow at the correct water level is found. Automating this procedure in-

volves firstly bringing the pumps, flume slope, and weir mechanisms under computer control. 

This can be achieved using relatively simple hardware and software systems. To measure flow 

depth profiles along the channel and check flow uniformity, we measure both bed and water 

surface profiles with an array of confocal chromatic sensors attached to a traverse mechanism. 

This instrument has a footprint of around 20 microns, sub-micron resolution, and very little drift 

making it ideal to capture precise flow depth measurements. The final step to automate flow 

setup is the software control loops to adjust pump speed and weir setting based on the feedback 

from the confocal sensors. We hope to bring this last step online within 2021.  

Received  22 March 2021 

Accepted  12 April 2021 
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Uni and Bi-directional Exchange Flows  
in a Large Scale Rotating Channel 

Claudia ADDUCE1,, Maria Chiara DE FALCO1, Alan CUTHBERTSON2,  

Maria Eletta NEGRETTI3, Janek LAANEARU4, Daniela MALCANGIO5,  

and Joel SOMMERIA3 

1University Roma Tre, Rome, Italy 

2University of Dundee, Dundee, UK 

3LEGI, UGA/CNRS, Grenoble, France 

4Tallinn University of Technology, Tallinn, Estonia 

5Polytechnic University of Bari, Bari, Italy 

 claudia.adduce@uniroma3.it 

A b s t r a c t  

Laboratory experiments were performed at the Coriolis Rotating Platform to study uni 

and bi-directional exchange flows in a trapezoidal channel. PIV and conductivity probes were 

used to measure velocity fields and density profiles. The rotation rate and the freshwater 

flowrate were varied. The stratified flow dynamics was found to depend on the Burger num-

ber, Bu, and for Bu < 0.5 unsteady exchange flows develop. Both the ambient rotation and 

freshwater flowrate affect the transverse velocity distribution and leads to the partial blockage 

of the lower saline outflow for the largest freshwater inflows. In addition, shear-driven inter-

facial instabilities are analysed and for larger rotation rates the mixing layer thickness in-

creases. 

Keywords: stratified exchange flows, rotating flows, interfacial instabilities. 

1. INTRODUCTION 

Uni- and bi-directional exchange flows occur within estuaries and sea straits when horizontal 

density differences or pressure gradients are present between the adjacent water bodies. The 
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nature of these flows depends on both Coriolis effects due to the Earth’s rotation and the topo-

graphic controls imposed by seafloor bathymetry and channel shape. These factors have a sig-

nificant influence on both internal mixing and secondary circulations generated by exchange 

flows (De Falco et al. 2021). Understanding of these uni- and bi-directional flow processes is 

relevant in coastal regions, where water and nutrient exchanges between estuaries and open 

marine waters are regulated by channel topography (Cuthbertson et al. 2006) with significant 

implications for the intrusion of saline marine waters (Matthäus and Lass 1995).  

2. EXPERIMENTAL DETAILS 

Laboratory experiments were conducted in the Coriolis Rotating Platform at LEGI, which con-

sists of a 13 m diameter and 1.2 m deep circular tank that can be rotated at a constant angular 

velocity. A trapezoidal cross-section channel of length 6.5 m was positioned in the tank. The 

trapezoidal section had a 2 m top width, 1 m bottom width and 0.5 m total depth, with side 

slopes of  αs = 45°.  A saline water flowrate Q1 and a fresh water flowrate Q2 , with  q* = Q2/Q1, 

were fed into the channel with opposite directions and a uni- or two-layer exchange flow was 

developed. The rotation rate, , of the tank and the freshwater flowrate Q2 were varied. Veloc-

ity fields, in eleven sections spanning the trapezoidal cross section, and density profiles were 

measured by PIV and conductivity probes, respectively. Figure 1 shows the effect of the varied 

parameters on the interface between the salty and freshwater flow. 

 

Fig. 1. Cross channel variation of zero-velocity elevation in all the measured PIV sections: (a) rotating 

experiments with  q* = 4.5, (b) rotating experiments with   = 0.05 s–1.  
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The Use of Experimental Measurements  
for the Validation of Transient Models 
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A b s t r a c t  

Experimental research of pressurized hydraulic transients is conditioned to pressure (water-

hammer) waves, which are usually characterized for having high celerity values and involving 

high pressures. Reservoir-pipe-valve systems are the usual experimental rigs to carry out such 

analyses. Flow rate and pressures at specific points of the pipe system are standard measure-

ments from which water-hammer solvers are consequently verified and validated. During this 

webinar first a brief introduction is provided concerning the standard numerical model and 

the subsequent experimental validation approach. Then the talk evolves to more advanced 

numerical models, where not only the transients in the fluid but also their interaction with the 

structure are considered. Additional lab measurements are therefore required to capture the 

associated structure behaviour which, additionally, involve transient waves propagating even 

at a higher velocity. Finally, some remarks are provided pointing out the importance of a good 

understanding of the physical phenomena, especially in terms of time-scale, to experimentally 

capture fast transient phenomena in pressurized pipe flows. 

Keywords: pipe systems, pressurized pipe flows. 
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using Ferrofluids 
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A b s t r a c t  

Ferrofluids (FFs) are colloid liquids susceptible to magnetic field. Although they represent 

a novelty in Hydraulics, they have been widely used in engineering sciences since the eighties, 

with different industrial and biomedical applications. Here, a collection of experiences carried 

out in hydraulic laboratories is presented. Indeed, FFs have been exploited to measure key 

hydraulic quantities (e.g. wall friction). Moreover, their interaction with flow have been in-

vestigated with original techniques (optical methods, microfluidics) observing the rise of 

novel phenomena (e.g. lubrication). 

Keywords: ferrofluids, wall shear stress, lubrication, PTV, microfluidics. 

1. INTRODUCTION 

Ferrofluids (FFs) are formed by magnetic nanoparticles coated with a surfactant (preventing 

agglomeration) and dispersed in a liquid carrier (water or oil). One of their most important 

characteristics is their susceptibility to the magnetic field. FFs are very flexible due to: i) their 

tunable rheology; ii) the possibility of controlling their shape through their responsiveness to 

a magnetic field; iii) the fluid state, whereby the particles are free to move, showing lubricant 

properties; iv) the capability to hold the FF in place using an externally applied magnetic field. 

The dynamics of ferrofluids have been extensively studied since the seventies (Shliomis 

1972; Patel et al. 2013). Because of these peculiar characteristics, ferrofluids have been widely 

used in different applications (i.e. loudspeakers, bearings, micro valves, drug targeting, cancer 

therapy). In the following, a series of laboratory experiments carried out with ferrofluids are 

described. In particular, it is shown how ferrofluids can be exploited to measure wall friction 

and how their interaction with the surrounding flow gives rise to novel phenomena (e.g. lubri-

cation) that can be investigated with original techniques (optical methods, microfluidics).  
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2. EXPERIENCES WITH FERROFLUIDS IN HYDRAULIC LABS 

2.1 The development of an innovative wall shear stress measurement technique  

The measurement technique takes advantage of the above described properties of ferrofluids to 

measure fluid-wall shear stresses, with possible applications on sandy bottoms (Stancanelli et 

al. 2020). The principle of operation is really simple (Musumeci et al. 2015a,b; 2018). A fer-

rofluid drop, O (1 mm) high, is placed on the wall and exposed to a permanent magnetic field. 

Therefore, this drop takes a conical shape that deforms under the action of the flow impacting 

on it. The measure of shear stresses exerted by the flow is performed by evaluating the ferrofluid 

drop deformation (i.e. the drop apex displacement) acquired by a camera. The technique is ca-

pable to measure changes in flow resistance induced by either skin friction and form drag. Ex-

perimental results demonstrated the capability to measure small shear stress variations (less 

than 0.001 N/m2), as those associated with the change in roughness of the bimodal mixture 

composing the sediment bed. 

2.2 Ferrofluid-flow interaction investigated with PTV and in microfluidics 

Pressure-driven channel-flow experiments (square cross section 1 cm × 1 cm) have been carried 

out for investigating the ferrofluid-flow interaction. A stable ferrofluid layer is placed on one 

of the confining walls. This layer interacts with the fluid flowing within the channel, leading to 

a slip boundary condition. The ferrofluid layer is shaped and stabilized at the wall using an array 

of permanent magnets. Different steady flow regimes, characterized by Re numbers in the lam-

inar, transitional and turbulent regime, have been tested. The flow field has been investigated 

by means of optical techniques (i.e., PIV, PTV). Flow velocity profiles and flow patterns within 

the channel have been extracted and compared with the flow regime observed in the absence of 

ferrofluid. The comparison demonstrates significant drag reduction (>60%) in both laminar and 

turbulent regimes. Moreover, in order to further understand ferrofluid-flow interactions, as well 

as ferrofluids rheology, a series of experiments has been carried out at the micron scale. Micro-

fluidic chips, such as straight channel (rectangular section 1500 µm × 110 µm), and Y-junction 

channels (rectangular section 1100 µm × 50 µm), have been used for this aim. In these specific 

settings, it was possible to study the reorganization of the ferrofluid structure under the action 

of different magnetic fields (i.e. chains formation composed of magnetite particles) and the 

phenomena acting at the interface of the ferrofluid and a co-flowing fluid (a mineral oil). 
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Clogging of Riverbeds – from Complex Field Conditions  
to Isolated Processes in the Laboratory 

Markus NOACK 

Faculty of Architecture and Civil Engineering, Karlsruhe University of Applied Science,  

Karlsruhe, Germany 

 markus.noack@hs-karlsruhe.de 

A b s t r a c t  

The complex phenomenon riverbed clogging constitutes one reason for degraded river-

ine ecosystems. However, measuring or monitoring of clogging is challenging because of its 

multifaceted character. This keynote addresses clogging from different perspectives including 

field and laboratory aspects and shows recent developments in measuring techniques to gather 

relevant involved parameters and processes. 

Keywords: riverbed clogging, colmation, field and laboratory methods, MultiPAC, gamma 

ray attenuation. 

1. INTRODUCTION 

Although clogging of riverbeds, also referred to colmation, has been studied for decades in the 

field as well as in hydraulic laboratories significant knowledge gaps exist to fully understand 

the complex and interacting physical and biogeochemical processes. The relevance of studying 

colmation and its single processes becomes obvious as it can have a tremendous impact on the 

hyporheic zone and the biotic community living there. In fact, riverbed clogging is suspected 

to be one reason for failing the target of the European Water Framework Directive in achieving 

the “good ecological status”.  

Riverbed clogging is also a matter of overlapping scales including macro-scale aspects on 

river basin level such as sediment delivery and hydrology but also micro-scale characteristics 

such as local topography, particle size/shape and the compaction of the riverbed. Moreover, 

clogging is a highly dynamic process.  

These multifaceted issues are highly interesting but also challenging to cope with riverbed 

clogging, especially because of its high temporal and spatial variability but also because of the 
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numerous multifaceted parameters and processes that need to be considered in measuring and 

monitoring riverbed clogging. 

This keynote addresses the phenomena riverbed clogging from different perspectives and 

presents different methods to assess clogging in the field and in hydraulic laboratories.  

 

2. METHODS AND RESULTS 

For field applications, a so-called Multiparameter Approach for Colmation (MultiPAC) was 

developed to capture four key parameters in describing riverbed clogging on a local scale in-

cluding particle size distribution, porosity, hydraulic conductivity and dissolved oxygen (Seitz 

2020). The first results are very promising and prove that riverbed clogging cannot be described 

by single parameters. Especially the capability to gather vertical profiles allows the identifica-

tion of clogged layers in the riverbed. However, to study the influence of single processes and 

parameters the complexity of riverbed clogging need to be simplified to be studied in hydraulic 

laboratories under controlled boundary conditions. 

Therefore, a laboratory flume was designed to focus on sediment infiltration and accumula-

tion only using a simplified bed made of spheres that can be arranged in different packings. 

Main objective of the experiments is to explore interactions between turbulences at the water-

sediment interface, interstitial flows and the progressive occlusion of pores with fine sediments 

that are fundamental to understand the dynamic behaviour of colmation processes. Therefore, 

the gamma ray attenuation method (GRA) was adapted and successfully tested to allow for non-

intrusive measurements of sediment infiltration masses in vertical profiles (Mayar et al. 2020), 

which represents a precondition to study the dynamics of clogging processes. In future experi-

ments, the measuring setup will be complemented by PIV measurements of surface flow and 

endoscopic PIV measurements of pore flow. These combined non-intrusive and simultaneously 

conducted measurements will lead to a unique dataset in describing the sediment infiltration 

and accumulation behaviour and allows for derivations of functional relationships between sur-

face and subsurface processes to describe the interactions and dynamics of clogging processes 

on a fundamental and physical basis. 

 

3. CONCLUSIONS 

Despite the complicated phenomenon riverbed clogging, both the field and laboratory methods 

represents important advancements in studying the involved parameters and processes. While 

MultiPAC represents a step forward in measuring riverbed clogging in the field on a quantita-

tive basis, the laboratory experiments with the GRA method enabled for the first time to study 

the dynamics of clogging given to its non-intrusive character. The combination with advanced 

PIV-techniques will further allow in-depth investigation, especially in quantifying interacting 

processes at the water-sediment interface. 
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Hydrodynamic Forces  
Generated on a Coarse Spherical Particle Beneath a Tidal Bore 
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A b s t r a c t  

The development of a bore in an open channel creates a sudden change in water surface 

elevation propagating upstream. In this study, physical modelling was performed to investi-

gate both horizontal and vertical components of velocity and forces to clarify the mechanism 

of sediment initiation beneath a tidal bore. A laser Doppler anemometer, a highly sensitive 

force transducer, and ultrasonic displacement meters accompanied by video recordings were 

used to provide some quantitative data in terms of various force and velocity terms measured 

simultaneously acting on a targeted sphere. According to the experimental results, upward 

vertical force was the main force in destabilizing the particles however, a large upstream lon-

gitudinal force was found to be the dominant cause promoting upstream particle motion dur-

ing the breaking roller passage. Furthermore, the forces were not only due to velocity but also 

to the sudden discontinuity in free water surface. 

Keywords: tidal bore, drag force, lift force, laser Doppler anemometer, force transducer. 

1. INTRODUCTION 

It is common that when a tide starts to rise, a series of waves propagate upstream in some river 

mouths as a tidal bore. Some field observations and physical modelling highlighted that sedi-

ment incipient motion is likely to occur due to horizontal pressure gradient introduced by free 

stream velocity gradient (Foster et al. 2006; Frank et al. 2015). Khezri and Chanson (2015) 

investigated the incipient sediment motion beneath the tidal bore by estimating only the longi-

tudinal forces that are responsible for sediment entrainment and took no account of the role of 

vertical forces. In waves, the vertical pressure gradient is mostly associated with variations in 

water depth. Whereas, how the uplift force caused by the vertical pressure gradient modifies 

sediment transport still needs to be investigated (Berni et al. 2017). The main aim of this study 
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is to verify the newly designed experimental setup and relative impact of drag and lift force 

during a tidal bore. 

2.  EXPERIMENTAL SETUP AND INSTRUMENTATION 

The experiments were conducted in a 10.5 m long, 0.4 m deep, and 0.3 m wide rectangular 

flume. The laser Doppler anemometer (LDA) was used to measure point velocity and turbu-

lence. More detail of setup can be found in Yang et al. (2020) and Riaz et al. (2020). A highly 

sensitive force transducer was used to measure forces on the target sphere. A fast fully closing 

Tainter gate was installed at  x = 10 m  and a force transducer was fixed at  x = 6 m, where x is 

the distance from the channel upstream inlet end. Two ultrasonic displacement meter were in-

stalled to measure water elevation fluctuation. Spheres of 38 mm average diameter were fixed 

by glue into a Perspex sheet in a hexagonal-shaped structure over a 10 m length of the flume. 

In the test section, a target sphere of 36.6 mm diameter was surrounded by a group of 3D printed 

spheres filled with small steel spheres which were not glued, in order to allow them to stay in 

place due to their own weight. Thus, the force sensor recorded the hydrodynamic forces on the 

sphere only due to water flow. All instruments were synchronized to within  ±0.5 ms. 

For all observations, the initial flow conditions were Q = 0.033 m3/s, h0 = 0.135 m, and 

V0 = 0.815 m/s  where h0 and V0 are the flow depth and depth averaged velocity. Videos were 

recorded between  x = 6 and 7 m with a handy camera Zoom™ (60 fps) for a tidal bore, for 

which the bore celerity was  U ≈ 0.85 m/s, corresponding to a Froude number = 1.35 to 1.45. 

3. RESULTS AND DISCUSSION 

The water surface, instantaneous velocities and forces were measured over fixed rough bed. 

The propagation of breaking roller was linked with strong longitudinal deceleration and some 

negative instantaneous vertical velocities as reported by Reungoat et al. (2018) (see Fig. 1a). 

Two different trends of forces were observed. Stage 1 was the smooth rise of free surface (po-

int 1) to the roller toe (point 2) while, roller toe to peak of the first wave crest (point 3) was 

stage 2 (Fig. 1). At stage 1, lift force (≈ 85% of submerged weight) was the predominant force 

however, behind the bore during stage 2, the increasing trend of drag force (i.e., along the bore, 

upstream) had a significant role in maintaining motion and determining its extent. Both drag 

and lift forces acted on the particle in the negative direction due to flow reversal through tran-

sient recirculation and the sudden increase in free water surface at the arrival of the breaking  

 

Fig. 1. Dimensionless Median EA water depth, horizontal velocity and vertical velocity, drag force and 

lift force beneath breaking bore at  x = 6 m,  z/h0 = 0.037. 
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bore. The directly measured drag force findings were consistent with Khezri and Chanson’s 

(2015) estimated drag force data (Fig. 1b). The forces acting on the target particle were median 

ensemble-averaged over 25 test runs to find the main trend, which is shown in Fig. 1b. 

4. CONCLUSION 

During the smooth rise of free-surface in a tidal breaking bore, the increase in forces indicates 

the importance of lift force which is necessary for particle movement. For the most part, drag 

force was the main influencing force prompting the inception of upstream particle motion. 
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A b s t r a c t  

The dynamic development of sediment infiltration in gravel-bed rivers is not entirely 

understood yet because existing methods are unable to cope with the high spatio-temporal 

variability of the involved processes. Therefore, high-resolution and non-intrusive measure-

ments of governing parameters are required to unravel the interactions of the multifaceted 

processes involved in the clogging or colmation phenomenon. This study presents high-reso-

lution measurements of the dynamic process of sediment infiltration and the development of 

sediment accumulations in an artificial riverbed under laboratory conditions using an ad-

vanced non-intrusive and undisturbed method. 

Keywords: gamma-ray attenuation, dynamic sediment infiltration, sediment accumulation, 

clogging, colmation. 

1. INTRODUCTION 

Excessive sediment infiltration and accumulation in gravel-bed rivers, intensified by anthropo-

genic activities, reduce pore space, conductivity, and dissolved oxygen supply, leading to se-

vere consequences for aquatic species (Schälchli 1992; Noack et al. 2016). Owing to the several 

physical and bio-geo-chemical parameters involved in colmation, existing methods are unable 

to cope with the complex and highly dynamic behavior of the involved processes. Therefore, 

this study develops an advanced laboratory method for measuring the dynamic development of 

infiltrating sediments in an artificial riverbed with high spatial and temporal resolution.  

The artificial gravel-bed was developed from 0.040 m and 0.026 m spheres in a combined 

cubic and rhombohedral arrangement in a laboratory flume with 0.24 m width, 0.30 m height, 

8.0 m length, and 1.35% slope. The spheres were situated in 16 blocks with fixation from the 
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top. Each block consisted of six 0.04 m spheres in lateral and horizontal directions and four 

0.04 m spheres on the vertical axis leading to a total length of 3.84 m. The 0.026 m spheres 

were glued in the concave of 0.04 m spheres in the cubic set up at the middle layer of the bed. 

Two sediment mixtures (Fine = 1.0–1.8 mm, Coarse = 2.0–3.5 mm), with two supply rates 

(1.4 and 3.7 kg/min) and a total mass of 20 kg, are supplied to the flume for observing the 

dynamic development of the sediment infiltration and accumulation processes.  

The gamma-ray attenuation (GRA) method (Mayar et al. 2020) is used for non-intrusive 

and undisturbed continuous measurement of infiltration masses at a specific position (one-point 

measurement with a 15 mm diameter) during the entire experiments (temporal resolution of 

60 seconds) and for measurements of the vertical infiltration profiles in two different intervals: 

(i) at the end of the sediment supply (T1), and (ii) 28 minutes after the start of the experiment 

(T2) with a 7 mm spatial resolution. 

2. RESULTS 

The results showed that the infiltrated sediment masses strongly depend on the infiltrated par-

ticle sizes. According to the vertical profiles measurement results and visual observations, the 

infiltrated fine sediments started filling from the bottom, while the infiltrating coarse sediment 

mixture resulted in a clogging layer, and subsequently, less coarse sediments penetrated to the 

bottom. The second time-step vertical profile measurements show that dynamic changes mostly 

occur in the top section due to washing of the sediments by the flow. The one-point dynamic 

measurement indicates higher infiltrated sediment thickness for the fine sediment mixture com-

pared to coarse particles as a result of the clogging in the upper section. Further, the one-point 

measurement of the dynamic development of sediment accumulation shows that a higher supply 

rate leads to an earlier start of the infiltration and a more rapid filling than the lower supply rate. 

3. CONCLUSIONS 

The results proved that the GRA method is capable of non-intrusive and undisturbed measure-

ments of sediment infiltration’s dynamic development with a high spatial and temporal resolu-

tion. Within future studies, the experimental setup can be adapted (e.g., design to more nature-

like conditions) to further unravel parameters involved in the highly dynamic process of sedi-

ment infiltration. Moreover, the GRA method can be coupled with other advanced flow meas-

urement devices for an in-depth investigation of the riverbed clogging phenomenon. 
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A b s t r a c t  

The use of a 3D Scanner allowed the acquisition of dam breach geometry on a physical 

model. This technique is widely used in interactive movement entertainment and was adapted 

for this study’s aims. The conceived apparatus collected breach geometry from a physical 

model built to evaluate a channel’s cascade dam break. The 3D Scanner mapped breach sur-

faces and allowed the input on image processing software to generate its digital surface and 

elevation contours, reducing measurement errors since it is a non-contact method. An appa-

ratus was then developed to enable accurate scanning since this feature’s original function 

was motion detection. The apparatus consisted of a platform assembled on rails, installed over 

channel walls, supporting a Kinect II (Microsoft Corporation ® 3D Scanner), connected to 

a notebook. 

Keywords: 3D Scanner, physical models, cascade dam breach geometry, breach equation, 

breach formation time. 

1. INTRODUCTION 

Obtaining undisturbed test geometries surfaces in physical models is an arduous task, as incau-

tious measurement can disturb the surface, and a non-contact method is preferred. Also, breach 

geometry characterization needs three-dimensional (3D) scanning, many times too expensive, 

especially in developing countries’ hydraulic laboratories. This research used a low-cost 3D 

scanning technique in this regard. The overall cost of the scanning apparatus was about US$ 

2 000, including the notebook. 

2. SCANNING METHODOLOGY 

The scanning equipment used for surveying dams’ models and their breaches was the Kinect II 

3D scan sensor (Microsoft Corporation ®), similar to developed by Marinello et al. (2015). 
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The Kinect II 3D scanning sensor includes an infrared laser emitter, an infrared camera, and 

a RGB camera. Depth information came from a triangulation process, where a diffraction grid 

divides the infrared laser into a specific pattern projected into the scene. The pattern is collected 

by the infrared camera and compared to the projected one. Local offsets generate a disparity 

map, where larger displacement values correspond to the sensor’s farther positions and, con-

versely, smaller values correspond to positions closer to the sensor. 

According to Gonzalez-Jorge et al. (2015), the Kinect II 3D scanning sensor has an accuracy 

ranging from 0.3 to 7.5 mm for a surveying distance from 1.0 to 4.0 m. The scanning survey 

distance on this research was between 1.0 and 2.0 m, with depth measurements’ errors between 

0.3 and 0.4 mm. Scanning measurements showed values precisely equal to scale measured 

channel width, demonstrating that errors were below 1 mm (the smallest scale division). This 

error interval is quite reasonable for these dam breach geometry analyses. Figure 1a shows 

a physical model breach resulting from a cascade dam break, and Fig. 1b shows this breach 3D 

scanned (Campos 2020). 

 

(a) 

 

(b) 

Fig. 1. Physical model cascade breach at time 4 minutes 16 seconds: (a) downstream view, and (b) final 

developed breach 3D scanned (Campos 2020). 

A few software must be installed in a microcomputer to use Kinect II 3D as a scanning 

device, such as 3D Builder (Microsoft Corporation ®) for scanning input, Kinect SDK 1.8, 

OpenNI 2, NiTE 2.2, and Skanect for notebook compatibility. A Scanner 3D Kinect II adapter 

cable was purchased to connect this sensor to the notebook’s USB input. 
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A b s t r a c t  

An experimental flume study was undertaken to compare water velocity in a bore for a given 

cross section using an Acoustic Doppler Velocimeter (ADV) and an Electromagnetic Current 

Meter (ECM). We present a comparison of two among nine elevations above the flume bed. 

Average and standard deviation of ECM velocities are somewhat higher than those of ADV. 

However, ADV vertical velocities showed an unexpected trend for the first 4 s after bore ar-

rival when turbulent intensity (TI) from ECM varied from 8% to 2%. 

Keywords: flash flood, velocimeter, time-averaged velocity. 

1. INTRODUCTION 

Measuring of water velocity allows characterizing the hydro-dynamics of flood bores. Acoustic 

Doppler Velocimeters (ADV) and Electromagnetic Current Meters (ECM) are the most widely 

used instruments for velocity measurements (Buffin-Belanger and Roy 2005). These instru-

ments respectively operate on the Doppler shift and Faraday principle of electromagnetic in-

duction. 
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A bore over a dry bed was generated in a  32 × 0.5 × 0.8 m  flume by sudden release of 

water using a computer-controlled lift gate. Water velocity was measured using down-looking 

ADV (N4000-72, Nortek, USA) and ECM (ACM3-RS, Alec Electronics, Japan) at 0.04 and 

0.10 m above the bed at 27.1 m downstream from the gate. The ADV and ECM data were 

collected at respective sampling frequencies and voulmes of 50 Hz/0.03 m, 40 Hz/0.34 m at the 

same cross section. Measurements at each elevation were obtained by repeating the hydrograph. 

Water depth was monitored using temperature-corrected ultrasonic distance transducers  

(M-5000, Massa, USA).  

2. RESULTS 

Unsteady flow occurred during the first ~30 s, quasi-steady flow followed during ~30  to ~60 s 

after bore arrival, with a following recession. Respective time-averaged velocities (using Fou-

rier Component Method) Uavg, Vavg, and Wavg were monitored in the streamwise, vertical 

and lateral directions (Fig. 1). As reported elsewhere ECM velocities were considerably larger 

than comparable ones by ADV. A significant inconsistency occurred between the ADV and  the 

ECM time-averaged vertical velocities during the initial 4 seconds (Fig. 1; Table 1), when flow 

was very unsteady. Turbulent intensity (TI) was calculated using turbulent fluctuations and 

time-averaged velocities; a difference in TI (~5–7.8%) was observed between ADV and ECM 

data at the same elevation, which can be due to (i) different measurement principles and (ii) low 

correlation of ADV measurements. For example: ADV data are based on velocities of small 

particles passing through a sampling volume and based on two correlated measurements for 

a time interval. At high turbulent intensities, the correlation can be reduced (MacVicar et al. 

2007), thus measurement accuracy is reduced. 

 

Fig. 1. ADV and ECM three dimensional time averaged velocities at: (a)–(c) 0.04 m, (d)–(f) 0.10 m, 

and turbulent intensity –TI at: (g) 0.04 m, and (h) at 0.10 m. 
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A similar inconsistency with ADV signals at high turbulent intensities for field data were 

observed elsewhere (MacVicar et al. 2007). The standard deviations about the average veloci-

ties are shown in Table 1.  

Table 1 

Average and standard deviation of ADV and ECM 

Height 

above bed  
Velocimeter Average ± standard deviation 

 Uavg Vavg Wavg TI 

  m/s % 

0.04 m 
ADV 1.10±0.20 0.10±0.04 –0.01±0.02 12.01±1.87 

ECM 1.20±0.30 0.15±0.02 0.01±0.02 4.23±0.85 

0.10 m 
ADV 1.30±0.20 0.10±0.06 –0.02±0.02 7.73±1.68 

ECM 1.50±0.30 0.20±0.06 0.02±0.02 2.64±0.88 
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A b s t r a c t  

This contribution presents the application of the videography as a low-cost, non-intrusive 

alternative to measure the wave-structure interaction processes. To this purpose, a full-HD 

camera was used to film laboratory tests of wave overtopping against a sea-dike. From the 

image processing, the flow depths over the dikes, the wave celerities, the wave spectra and 

the amount of the air entrapped in the overtopping tongue were estimated. The results of this 

analysis were successfully compared to the measurements from traditional techniques. 

Keywords: videography, cluster analysis, wave-structure interaction, wave overtopping, air 

entrainment. 

1. INTRODUCTION 

The modelling of the interaction processes between waves and coastal structures is a key-ele-

ment for the assessment of the safety of the coastland areas. Despite simultaneous measure-

ments of the parameters involved in the interaction processes (run-up, overtopping, reflection, 

loads, etc. induced by waves) would be essential for an integrated analysis, the use of numerous 

techniques during the same campaign (resistant gauges, velocimeters, water volume trapping 

in tanks, pressure sensors) is unaffordable for economic and practical reasons and, especially at 

small scales of laboratory tests, not recommendable due to the their disturbance of the investi-

gated processes (Soares-Frazão et al. 2009). The videography has been already demonstrated 

to be a reliable alternative to the traditional techniques in the coastal engineering (i.a., Den 

Bieman et al. 2020). Following these examples, this paper investigates the effectiveness of the 
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videography as a low-cost and non-intrusive tool to model the wave-structure interaction pro-

cesses during laboratory tests of wave overtopping at sea-dikes (Formentin et al. 2019). 

2. METHODOLOGY 

To the authors’ purpose, a full-HD camera was installed in correspondence of the dike crest to 

film the wave run-up and overtopping processes with an acquisition frequency of 30 Hz. The 

records were elaborated with the image processing technique developed by Gaeta et al. (2020) 

based on the clusters analysis (K-means method). Pre- and post-processing filtering techniques 

were implemented to ease the clustering phase and to achieve a more realistic recognition of 

the patterns. An example of the cluster mapping is shown in Fig. 1. Here, the magenta and white 

colours are associated to the “classes” 3 and 5, which can be used to, respectively, track the free 

surface and estimate the aerated portion of the water body. The association class-object relies 

on human supervision in a training phase of the technique. The trained method (i.e., the class-

object association) remains valid for unchanged light condition during following phases.  

Fig. 1. Wave overtopping event at the dike (left) and corresponding clusters mapping (right). 

3. PRELIMINARY RESULTS 

The results of the image processing were elaborated to reconstruct the overtopping flow depths, 

the water front celerities and the wave spectra and to get an estimation of the amount of the air 

entrainment associated to the overtopping events. Comparisons with laboratory measurements 

of the overtopping flow characteristics derived from gauges (water levels, spectra) and ultra- 

 

 

Fig. 2. Reconstruction of the free surface from the cluster analysis of an overtopping event at the dike. 
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sonic Doppler velocimeters (depths, velocities, and air amount) are carried out and discussed. 

Figure 2 shows the water surface elevation resulted from the cluster analysis (orange) and op-

timized with the filtering techniques (cyan) during an overtopping event. 
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A b s t r a c t  

To investigate fluvial processes under laboratory conditions the application of similarity 

laws is a well-accepted experimental method. Studying natural systems in scaled physical 

models is usually limited by the laboratory’s infrastructure and by similarity validities, which 

confines the model’s realisable geometric dimension. Using similarity laws becomes barely 

feasible if complex geomorphic fluvial events are studied with physical laboratory models, 

especially due to the steep slope and broad grain size distribution. Nevertheless, computa-

tional models predicting the outcomes of these hazard events require reliable data sets for 

calibration and validation. In this work, we present a synoptic model approach to overcome 

this dilemma. Derived from other research disciplines, we will discuss, how the synoptic func-

tionality could be applied to fluvial problems based on the example of the 2017 Piz Cengalo–

Bondo landslide. 

Keywords: similarity laws, geomorphic fluvial systems, physical laboratory models, ana-

logue models, synoptic model approach. 

 

EXTENDED ABSTRACT 

Using similarity laws to investigate research questions in the field of hydromechanics and mor-

phodynamic is a well-known experimental method. By transferring the properties of the inves-

tigated prototype to a downsized physical laboratory model the associated workflow usually 

begins by identifying an appropriate length scale. In general, the design of physical laboratory 

models is limited by several conditions. The model’s geometric dimensions cannot be too large 
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because the lab infrastructure (space, discharge) is restricted. Other limits are the model’s cost, 

its manageability, or safety at work. On the contrary, the model’s dimension can also not be too 

small without violating specific similarity validities (state of flow, surface tension, transcend-

ence of cohesive grain size, similarity of sediment transport). Normally, a possible range of 

length scale factors can be determined that allows the realisation of models under laboratory 

conditions, which becomes much more difficult when geomorphic fluvial events should be 

studied with laboratory models. Landslides, torrential flows, and debris flows normally occur 

in areas with large topographic inclinations. The total elevation difference from flow initiation 

until deposition is often from a similar magnitude than the horizontal runout distance in these 

fluvial events. An appropriate realisation of the real system in a scaled model often fails due to 

the available vertical space. Furthermore, downscaling the flow depth and the grains size induce 

insurmountable problems of surface tension and cohesive effects because gravitational multi-

phase mass flows often contain a noticeable amount of fine sediments, which cannot be scaled 

properly. Moreover, despite requiring only a few dimensionless numbers for scaling river sys-

tems (Fr, Re, We), additional dimensional numbers like Savage, Bagnold, or Friction must be 

considered in gravitational mass flows, which impedes the realisation. 

Nevertheless, there is an essential need to study complex geomorphic fluvial processes. 

Computational models are used to create hazard maps, adjusting prewarning systems, and im-

plementing effective countermeasures to reduce the risk of such hazard events. Detailed data 

sets are therefore essentially required for calibration and validation. Unfortunately, field data is 

rare and former laboratory experiments were mainly conducted in straight flumes under very 

idealized conditions. To overcome this dilemma, novel experimental methods for complex ge-

omorphic fluvial processes are needed to create data sets for calibration and validation of ho-

listic computational models. Already applied in meteorology, product design, or electric 

mobility systems synoptic model approaches help to find isomorph conclusions by studying 

relevant attributes in one or more interrelated analogue systems (replacement systems) instead 

of upscaling measured physical variables from a model to the prototype. This synoptic approach 

could include physical models, computational models, analytical solutions, empirical ap-

proaches or laboratory and field measurements. The finding from all interrelated replacement 

systems must be finally merged in a conclusion of the studied problem. 

In this work, we present some first conceptual ideas on how to transfer the concept of syn-

optic models to a potential application for fluvial processes. After we give an overview of the 

techniques and functionality of synoptic models, the concept is explained exemplary based on 

the 2017 Piz Cengalo–Bondo landslide cascade. Since the total original system cannot be scaled 

to a physical laboratory model, we identify relevant attributes in the original system which 

might serve as analogue sources. This could be the type of failure (rockfall), the overall terrain 

characteristic and sectionwise slopes, areas for erosion and deposition, and mobility. Then, we 

propose to split the total system for the Bondo landslide cascade into four analogue subsystems 

to investigate the relevant attributes in interrelated replacement systems. Because the initial 

rockfall and the following fragmentation follow stochastic behaviour, this process might be 

investigated with data from field surveys or with empirical approaches. How the fragments 

entrain the glacier’s ice and how the ice is liquefied due to shearing could be studied in labora-

tory rheological tests. An existing computational multi-phase mass flow model should be used 

to study the flow properties of the evolved channelized debris flow in the narrow valley. Finally, 

a sophisticated scaled laboratory model could represent the last part of the Bondo landslide and 

enable studying the deposition morphology in the city of Bondo. Following the principles of 

synoptic modelling, specific model parameters can be set unleashed in the interrelated replace-

ment systems, like length scale, particle size, or bathymetry. The combined results from all 

analogue models create a suitable data set serving for calibration and validation of holistic simu-
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lations. Even if a real application is still pending, this work provides some first novel ideas on 

how to create calibration and validation test cases for computational models by deducing iso-

morph conclusions from a synoptic model approach. 
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A b s t r a c t  

The high rotational speed of ship propellers generates a strongly turbulent jet which can 

impact the stability of channel, river and ocean beds, as well as harbour structures. For the 

design of protective measures against scouring, the boundary shear stresses induced by pro-

peller jets must be estimated. However, so far there is no general method available for such 

estimations. This is partly related to the intrinsic difficulties to perform direct measurements 

of boundary shear stress. We present preliminary results of measurements of bottom shear 

stresses generated by a ship propeller. To this end a novel shear plate which operates with 

strain gauges was developed. The measurements result in the expected quadratic relation be-

tween bed shear stress and the propeller rotational speed, and also give evidence of a good 

reproducibility. The new shear plate shows to be an affordable and reliable tool for the meas-

urement of submerged boundary shear stresses. 

Keywords: shear stress measurements, ship propeller, scouring, bed stability. 

1. INTRODUCTION 

The design of stable revetments to protect alluvial beds from the scouring action of ship 

propellers requires a reliable estimate of the expected forces that would act over the bottom. 

Different methods are used in hydraulics and river engineering to calculate these forces through 

indirect estimation of the bottom shear stress (e.g., Rowiński et al. 2005). However, such 
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methods are mostly restricted to normal flow conditions or contain a large degree of uncertainty. 

Therefore, they cannot be applied to the strongly turbulent jets generated by ship propellers. 

Semi-empirical formulas are available to describe the velocity field in the propeller wake, but 

no general accurate methods have been developed to relate the jet near-boundary flow velocity 

to the bottom shear stress. This knowledge gap is in part related to the intrinsic difficulties to 

perform direct measurements of bed shear stress induced by ship propellers, either in laboratory 

or field. 

The objective of this work is to present the design of a novel system for the direct measure-

ment of bottom shear stresses. Although similar devices exist and have been described in pre-

vious literature (e.g., Tinoco and Cowen 2013), they are normally based on expensive 

technology, while the system here presented is made of relatively low-cost components. The 

general characteristics of the new system are described and preliminary results of measurements 

of bed shear stress induced by a ship propeller are presented. 

2. CHARACTERISTICS OF THE SHEAR PLATE AND PRELIMINARY TESTS 

The shear measurement system is composed of a rectangular head plate (HP) resting upon 

a jointed support (JS) and upon a force measurement system (DFS) (Fig. 1) used by 

Schoneboom et al. (2008) to measure drag forces of single vegetation elements. The DFS is 

based on the employment of four double strain gauges mounted on a stainless steel beam. The 

strain gauges are connected to an amplifier and the corresponding signal is logged by a PC. The 

function of the JS is to allow a horizontal displacement of HP, and in turn of the head of the 

DFS, as a reaction to the shear forces exerted by the flow on the HP. The displacement induces 

deformation of the steel beam embedded in the DFS, generating bending moments and 

compression strains, which are measured directly by the strain gauges. 

To test the novel system, the bottom shear stress was measured for six different rotational 

speeds of a model propeller. The results are shown in Fig. 2. As expected, the measured shear 

stresses correlated well with the square of the propeller rotational speed. Moreover, for 6 repe-

titions of the measurements for each speed, the standard deviation of the measured forces (con-

sidering an area of the HP of 0.093 m2) was in average 0.032 N, giving evidence of the high 

sensibility of the system and of the good reproducibility in terms of the complex turbulent flow 

field. These preliminary results show that the new shear plate is a promising device for reliable 

measurements of submerged boundary shear stress under a wide range of environments and 

flow conditions. 

 

  

 

Fig. 1. Components of the new shear plate. Fig. 2. Variation of bed shear stress with the square 

of the propeller rotational speed. 
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A b s t r a c t  

In this article a low-cost high-resolution photogrammetric method is presented to characterize 

the 3D geometry of scour cavity and bar induced by a ski jump jet. From the obtained 3D 

model all the main characteristics of the scour cavity and bar: the central longitudinal and 

transversal scour profiles, maximum scour depth and maximum bar height were determined 

with resolutions up to 0.0049 m. This technique allowed also to analyse the time evolution of 

the scour volume. 

Keywords: photogrammetry, scour cavity and bar, high resolution bed model. 

1. INTRODUCTION 

Photogrammetry is based on a solid mathematical foundation and its details can be found in 

many textbooks (Konecny 2002). Within photogrammetry, structure from motion (SfM) is 

a technique to estimate 3 dimensional structures from two-dimensional images, which in 

a sense, mimics the biological vision of humans (and other animals) that perceive the 3D shapes 

from the retina projected 2D motion field of a moving object or scene. To the authors’ best 

knowledge there are no applications of SfM to the study of jet induced scour. 
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2. EXPERIMENTAL SETUP AND RESULTS 

The scour experiments were made in the Hydraulics Laboratory of the Faculty of Engineering 

of Porto University. A stepped spillway equipped with a ski-jump bucket defined by an angle 

α = 10º, drives the water from an upstream reservoir to a dissipation basin (1.5 m long, 0.705 m 

wide, and 0.70 m deep). The sand used on these experiments had a  d50 = 9.92×10–3 m, and its 

density was  s = 2650 kgm–3. Four conditions made of two flow rates (0.51 and 0.85 Ls–1) and 

two tailwater depths (0.03 and 0.05 m) were tested. Detailed information about the experimental 

setup can be found in Sá Machado et al. (2019). The bed was scanned with a Canon 7D Mark 

II, with a sensor of 20 Mpix, and equipped with a 50 mm f1.8 lens, and 50 photos were taken, 

corresponding to the maximum images that the free version of the software Zephyr 3D could 

handle. It was verified that scanning the bed with a cell phone camera hold similar results (Rosa 

2018). The obtained 3D model as further processed in Meshlab and using an in-house built 

software. Figure 1a–c depicts the results for  Q = 0.85 Ls–1  and  h0 = 0.05 m. Repeating the same 

experiment for different times, it was possible to analyse the evolution of the scour volume with 

time (Fig. 1d). The comparison of the longitudinal profiles with direct physical measurements 

showed differences in the range of 0.0049 to 0.0073 m (Rosa 2018). 

 

(a)                                                                            (b) 

 

(c)                                                                                   (d) 

 

 

Fig. 1: (a) Photo of the spillway and dissipation basin, (b) obtained 3D model, (c) quantitative results of 

scour cavity and bar topography, (d) time evolution of the scour for  Q = 0.85 Ls–1  and  h = 0.05 m.  
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3. CONCLUSIONS 

A low-cost, yet accurate and fast, structure from motion photogrammetry technique was applied 

to the jet induced scour. This technique used the free version of a SfM software (Zephyr 3D), 

an open-source mesh visualization software (Meshlab) and in-house developed software for 

post-processing and data analysis. The achieved resolution ranged from 0.0049 to 0.0073 m or 

about 5 to 8 grain diameters. Repeating the experiment and applying the same methodology it as 

possible to determine the time evolution of the scour hole volume and it was observed that it 

follows a log-law.  
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A b s t r a c t  

Tragic oil spills such as the Exxon Valdez episode in the 1989 are a reminder of such events 

and their consequences. It is therefore important to have tools capable of detecting and track-

ing the fate of such spills. This paper presents some imaging-based tools developed to track 

the evolution of pollutant spills and tested in laboratory environment with two types of pollu-

tants: a liquid and a dust-type pollutant. 

Keywords: pollutants, imaging techniques, tracking, rhodamine, coal. 

1. INTRODUCTION 

Imaging methods have a range of application in many fields of science, and in hydraulics, where 

imaging-based methods such as PIV and PTV are often used (Muste et al. 2017). Imaging meth-

ods offer the possibility of analysing a significant area with enough resolution and so are par-

ticularly suited to field applications. In this study, imaging techniques were applied to determine 

the spill geometry and its evolution, of two different materials: rhodamine (liquid) and coal 

(dust). To extract the spill geometry a threshold analysis is used. This threshold can be defined 

in terms of the pixel intensity or pixel color. A trial-and-error test is usually needed to define 

the threshold value to consider. The goal is to obtain a binary image where the spill is isolated 

as depicted in Fig. 1. This task is not always trivial when the contrast between the pollutant and  
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Fig. 1. Identifying the spill by imaging methods. From left to right: raw image, binary image, isolated 

spill. 

the background is low. In the present case, the threshold was adapted to consider dilution and 

light changes along the flume. With the spill isolated, it is then possible to compute its geomet-

rical characteristics, namely its perimeter and its area. With some assumptions regarding its 

thickness, it becomes also possible to calculate its volume. By applying this procedure to the 

whole footage, it is possible to estimate the evolution and fate of the spill. 

2. RESULTS 

Experiments were carried out in a 15 m long, 1.0 m wide, and 1.5 m deep flume at the School 

of Ocean Engineering of the University of Valparaíso (Fig. 2). Tests were carried for a flow 

rate of  Q = 0.0101 m3s–1, corresponding to a bulk mean velocity of  U ≈ 0.050 m/s. Images of 

the rhodamine and coal (d50 = 0.54 mm) spills were acquired by means of GoPro cameras lo-

cated above the flume. The obtained results for the tracking of the different spills are depicted 

in Fig. 2. Mean velocity of the spills was 0.17 and 0.09 m/s for rhodamine and coal, respec-

tively. The heavier fraction of coal deposits, and the lighter is transported in suspension. 

 

 

Fig. 2: (a) rhodamine spill tracked, (b) coal spill tracked. Flow is right to left. Dots indicate the center 

of mass of the spills at regular time intervals (dt = 1.67 s). 

(a) 

 

 

 

(b) 
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3. CONCLUSIONS 

A detection and tracking algorithm was applied to spills made of different material at a labora-

tory scale. It was possible to track the evolution in time and space of the spill, allowing to track 

its trajectory, and ultimately its fate. It became also possible to determine the area and the ve-

locity of the spill.  
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A b s t r a c t  

The dynamics of steady two-dimensional gravity currents interacting with slopes and over-

hangs are investigated by laboratory experiments. Parameters such as the initial volume of the 

dense fluid and the angle of the barrier positioned inside the tank are varied. An image analysis 

technique is adopted to evaluate the instantaneous density fields. The analysis performed 

showed how the nature of the barrier affects the dynamics of the dense current. 

Keywords: gravity currents, laboratory experiments, image analysis technique, complex to-

pography.  

1. INTRODUCTION 

Gravity currents are flows driven by a density difference due to a variation in salinity, temper-

ature or the concentration of suspended particulates. These geophysical flows widely occur 

spontaneously in nature or for anthropogenic causes (Simpson 1997). Although gravity currents 

develop generally over more complex floor topographies involving slopes, submarine channels 

and seamounts (Lane-Serff et al. 1995), most laboratory investigations dealing with the dynam-

ics of those currents considers flows over flat surfaces. These last investigations reveal a lack 

of knowledge on gravity currents interacting with a complex topography. 

The aim of this work is to investigate how even simple variations of the geometry of the 

domain influence the dynamics of gravity currents by using laboratory experiments. 
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2. EXPERIMENTAL DETAILS  

The laboratory experiments are conducted in a Perspex tank 3 m long, 0.2 m wide and 0.3 m 

deep. The experimental apparatus (Fig. 1) is similar to that described in Lane-Serff et al. (1995) 

which allows an incoming steady flow. The lock reservoir is realized with a fixed gate placed 

at  L0 = 0.4 m  leaving a rectangular opening at the bottom of the tank. A removable gate covers 

the opening. A slope is located at  LS = 0.85 m  from the fixed gate with different inclination θ, 

ranging from 15° and 165°, in order to represent up slopes (S runs), or overhanging barriers 

cases (O runs). 

For each experiment the left part of the tank is filled with salty water with initial density ρ1, 

while the rest of the tank is filled with an ambient fluid of density ρ0  (Δρ = ρ1 – ρ0 = 40 kg/m3). 

A controlled quantity of dye is added to the salty water in order to allow the visualization 

of the dense fluid. The run starts when the sliding gate is removed and stopped when the re-

flected dense flow, after the interaction with the slope, reached the position L0. The Froude 

number  𝐹𝑟 = 𝑈𝑏/√𝑔0
′ (ℎ𝑔 2)⁄ ≅ 0.8, where Ub is the bulk velocity and  𝑔0

′ = 𝑔 ∗ (∆ρ/𝜌0) is 

the initial reduced gravity. The experiments were recorded by a camera with an acquisition 

frequency of 25 Hz and spatial resolution of 1024×668 pixels. Images extracted from the ac-

quired movie were converted into matrices of grey levels. The instantaneous density fields 

𝜌∗(𝑥, 𝑦, 𝑡) = (𝜌(𝑥, 𝑦, 𝑡) − 𝜌0)/(𝜌1 − 𝜌0) was obtained by an image analysis technique (Nogueira 

et al. 2013). The pixel-based analysis of the density fields adopted here allows us to obtain the 

local density value and then the depth-averaged density, �̅�𝑣. From the �̅�𝑣 is possible to infer the 

main characteristics of the flow dynamics. Figure 2 shown �̅�𝑣 in the plane  𝑥∗ − 𝑡∗  for the S  
 

Fig. 2. Dimensionless �̅�∗
𝑣
, for the S run with  θ = 15°  and for the O run with  θ = 150°. The white 

markers mark the dimensionless front and reflected bore position. The red line represents the toe of the 

slope. 

a) b) 

Fig. 1. Sketch of the tank used to perform laboratory experiments. Gravity current reflected back re-

spectively by: a) overhang barrier (O runs); b) slope (S runs). 
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and O runs. In the up slope case the high values of �̅�∗
𝑣
 are identified in the area near the front 

of the current and in the outgoing bore, while for the overhang run high values of �̅�∗
𝑣
 can be 

also observed at the foot of the barrier. The presence of mixing associated with the reflection 

process is larger for the O run than the S run. The density fields emphasizes a more complex 

dynamics in the O run related to the presence of the barrier even before the current interacts 

with it. 
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A b s t r a c t  

This paper describes the in-situ survey of an unstructured block ramp to obtain a detailed 

topographical digital model for a research project focusing on the fish-based identification of 

migration corridors. The strategy to drain the block ramp in the field for the survey is de-

scribed and the obtained digital model is presented. The digital model will be used in subse-

quent experiments with live fish in the field and laboratory to link fish trajectories, the local 

flow field, and the bed topography to improve the development of new and enhanced design 

criteria for nature-like unstructured block ramps. 

Keywords: unstructured block ramps, structure from motion photogrammetry, terrestrial la-

ser scan, ecohydraulics. 

1. INTRODUCTION AND PROJECT OVERVIEW 

Unstructured block ramps are nature-based hydraulic structures which are built in rivers for the 

restoration of the ecological connectivity. They are characterized by a spatially heterogeneous 

roughness structure and flow conditions due to the irregular arrangement of large stones and 

boulders. Compared to more geometrically defined structures with cross bars or regularly ar-

ranged boulders, unstructured ramps fit well into the appearance of the river landscape and 

provide additional habitat for the aquatic flora and fauna. Until today, the hydraulic design of 

these structures is based on empirical approaches considering only reach-averaged values of 

water depths and flow velocities. This means that local hydrodynamic flow conditions, which 

are important for fish passage, cannot be adequately quantified. It is therefore not possible to 

guarantee the existence of functioning migration corridors for fish, and this is why this type of 

block ramp is often not implemented despite its advantages. 
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The project MigRamp aims at identifying and quantifying migration corridors of ascending 

fish on such nature-based hydraulic structures by linking fish trajectories to bed topography and 

the local flow field. For this purpose, combined fish-biological and hydraulic studies will be 

carried out in cooperation with the river maintenance association Leineverband and Vattenfall 

Research and Development AB (Vattenfall R&D). The corresponding studies will be carried 

out on an existing nature-like unstructured block ramp in the river Ilme in Lower Saxony, Ger-

many, and on a 1:1 partial model of this ramp in the “Laxelerator”, a unique research facility 

for ethohydraulic experiments in the Vattenfall hydraulic engineering laboratory in Älvkarleby, 

Sweden. The purpose of this paper is to describe the topographical in-situ survey of the block 

ramp that was carried out in October 2020. 

2. RAMP SCAN 

The unstructured block ramp in the Ilme river, which is in the focus of MigRamp, was built 

after a weir removal to conduct water to a diverted historical mill channel (Fig. 1a). For the 

survey by structure-from-motion (SfM) photogrammetry and terrestrial laser scanning (TLS), 

it was necessary to drain the ramp for a few hours. Before starting the temporary construction 

works for diverting the flow (approx. 700 l/s on that day), the fish in the ramp area were pro-

fessionally recovered by means of electrofishing and relocated upstream. The diversion of the 

water was achieved by constructing a temporary dam using gravel-filled big bags. The dam was 

additionally sealed with a plastic sheet and sandbags and seepage water was intercepted by 

pumps and fed back into the Ilme downstream of the ramp structure (Fig. 1b). A further pump 

installed upstream of the temporary dam provided a sufficient environmental flow (approx. 

150 l/s) for the duration of the survey, so that the river did not run dry downstream of the ramp. 

A total of 16 marker points were distributed on the drained ramp for SfM together with five 

fixed points for later measurements. The corresponding coordinates were recorded using dif-

ferential GPS. Four photo sets were created with different cameras to ensure high data quality 

for SfM, and the ramp surface was additionally surveyed by TLS. After completion of the work, 

the dam was removed, and the original condition of the ramp was restored. The final result of 

the in-situ survey, in which about 15 people from different institutions were involved, was 

a GPS referenced point cloud (~85 million points on ~90 m² projected area) which will serve 

as the basis for a 1:1 partial model of the ramp in the “Laxelerator” (Fig. 1c). 

 

Fig. 1: a) top view sketch of the water damming and diversion, b) dam and drained ramp, c) concept 

sketch for the 1:1 partial model in the “Laxelerator”, based on a 3d mesh of the existing ramp. 

 10

10 m

scanned area

a) b) c)
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A b s t r a c t  

The dynamics of lock-release gravity currents interacting with a triangular barrier are inves-

tigated experimentally by applying non-intrusive density measurements based on image anal-

ysis, to measure the instantaneous density fields. The relevant parameter varied is the ratio 

between the height of the obstacle and the initial water depth. Results suggest that the image 

analysis based on a calibration curve is a suitable technique for the study of the gravity cur-

rents dynamics, which is strongly affected by the presence of a bottom obstacle depending on 

the relative obstacle height. 

Keywords: gravity currents, image analysis technique, bottom obstacle, density fields. 

1. INTRODUCTION 

Gravity currents are density-driven flows caused by a density difference, which can be due to 

a temperature or salinity gradient or the presence of suspended sediments. In the latter case, 

these flows are known as turbidity currents and represent a geohazard to seafloor structures and 

offshore pipelines. For this reason, in lakes or in reservoirs, a barrier could be designed to stop 

or deviate the flow away from the structures, which can be damaged by an interaction with the 

current (De Cesare et al. 2001). Obstacles with a triangular cross-section are a good approxi-

mation to represent submerged barriers (Tokyay and Constantinescu 2015) and an accurate 

comprehension of the implications of the interference can help to improve the engineering mod-

els, depending on the parametric conditions characterizing these flows.  

In the present study, an image analysis technique is used to evaluate the instantaneous den-

sity fields of a gravity current interacting with a triangular obstacle. Several experiments are 

performed with and without the obstacle and the effect of the relative obstacle height on the 

dynamics of the dense current is studied. 



M.C. DE FALCO  et al. 

 

68 

2. EXPERIMENTAL PROCEDURE  

Lock-exchange gravity currents are produced in a Perspex tank 3 m long, 0.2 m wide, and 0.3 m 

deep (Fig. 1). A lock-release technique was applied to generate gravity currents, by dividing 

the tank in two different volumes with a removable gate, placed at a distance  x0 = 0.4 m  from 

the left wall. The left part of the tank was filled with a saline mixture at density  ρ1 = 1010 kg/m3  

while the right part of the tank was filled with fresh tap water at a measured density  

ρ0 = 1000 kg/m3, where  ρ1 > ρ0  with a constant  Δρ = ρ1 – ρ0 = 10 kg/m3. Experiments were 

performed first on the horizontal bed and then with a triangular obstacle placed at a distance L0 

from the gate. The main parameter varied is the relative obstacle height  R0 = hc/d  where d is 

the obstacle height and  hc = H/2  is the current height (Benjamin 1968). 

Fig. 1. Schematic representation of the experimental apparatus.  

An image analysis technique is applied to evaluate the instantaneous density fields  ρ (x, y, t). 

The concentration of dye in the gravity current is considered linearly correlated to the salt con-

centration. A calibration technique is used to correlate the light intensity with the concentration 

of dye for each pixel of the acquired images. To this aim, nine controlled concentrations of dye 

were added and mixed to the fresh water in the tank in order to obtain a homogeneous dyed 

fluid and images were acquired to build a calibration curve. Figure 2a shows the calibration 

points obtained for a single pixel in the domain, considering nine images. 

A snapshot of a gravity current with  R0 = 1.28  and the corresponding instantaneous non-

dimensional density field  ρ*(x, y) = (ρ(x, y)– ρ0)/Δρ  are shown in Fig. 2b,c. The obtained den-

sity field gives insight into the gravity current’s dynamics, which is strongly affected by the 

presence of the obstacle. A diluted current propagates downstream the obstacle, while part, 

denser, is retained by the obstacle. 

 

Fig. 2: (a) Calibration curve based on nine controlled quantities of dye, (b) snapshot of a gravity currents, 

and (c) corresponding non-dimensional density field after the interaction with the obstacle. 
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Turbulence Anisotropy  
in a Sinuous Channel with Downward Seepage 
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A b s t r a c t  

The study estimates the turbulence anisotropy for flow in a sinuous channel under the 

influence of downward seepage. Anisotropy provides the deviation from the isotropic turbu-

lence. Given the complex flow processes in a sinuous channel, it is vital to investigate the 

turbulent flow characteristics.  

Keywords: turbulence, anisotropy, sinuous channel, seepage. 

1. INTRODUCTION 

The geometry of the channel may have a significant effect on the flow characteristics around 

the sinuous bend. Lumley and Newman (1977) defined the Reynolds stress anisotropy tensor 

to evaluate the turbulence structure to different bed condition. The Reynolds stress anisotropy 

tensor (bik) is given as: 

 

                                                𝑏𝑖𝑗 =
𝑢′𝑖𝑢′𝑗̅̅ ̅̅ ̅̅ ̅̅ ̅

2𝑘
−

𝛿𝑖𝑗

3
         (1) 

 

where k is the average turbulent kinetic energy (TKE) and 𝛿𝑖𝑗 is the Kronecker delta function, 

where  i, j = 1, 2, 3  are the spatial components. The anisotropic invariant map (AIM) is con-

structed to examine the anisotropy of Reynolds stress. AIM is represented using the two prin-

cipal independent invariants (II and III). The AIM by can also be presented by plotting 𝜉 against 

𝜂 because it produces less distortion in forming a triangle. The detailed methodology can be 

found in Raushan et al. (2020). With seepage, the flow parameters are modified near the channel 

bed. With downward seepage, the magnitude of Reynolds shear stress increased (Taye et al. 

2020), and with upward seepage, the Reynolds shear stress decreased (Herrera-Granados and 

Kostecki 2017). 
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The three-dimensional instantaneous velocities were recorded using a Nortek® Vectrino + 

Acoustic Doppler Velocimeter (4-beam probe down-looking). The velocimeter uses the Dop-

pler shift principle for velocity measurement and delivers the velocities in three orthogonal 

directions (streamwise, transverse, and vertical). In the present study, the velocities were col-

lected for 2 minutes with sampling frequency 100 Hz. The SNR (signal-to-noise) was greater 

than 15 decibels and the correlation greater than 60% during data collection. For good result, 

the SNR should be greater than 15 decibels (Nortek 1997) and the correlation should be at least 

60% (McLelland and Nicholas 2000). The raw data was filtered by the acceleration threshold 

method, as it may sometimes be contaminated with spikes. 

2. RESULTS AND DISCUSSIONS 

The anisotropy at bend upstream and bend center tends to move towards the one-component 

isotropy for no seepage and seepage flows. At bend downstream, the anisotropy is reduced to 

two-component isotropy, as maximum points lie towards the left line, signifying the turbulence 

fluctuations to lead along two directions. At bend upstream and center, maximum points lie 

above the right line, which signify the fluctuations to dominate along one direction. 

With seepage flows at bend upstream, the points reach one-component isotropy faster than 

at bend center, and further at bend downstream, the points are clustered near the two-component 

isotropy (Fig. 1). 

Fig. 1. Representation of Lumley triangle for no seepage and seepage flows at: (a) Bend upstream, 

(b) Bend center, and (c) Bend downstream. 
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A b s t r a c t  

Flooding events in rivers are usually causing an increment in sediment transport. To 

investigate the relationships between bedload, bed shear stress and wave characteristics, la-

boratory experiments were performed in a 12-m-long flume at the University of Agriculture 

in Kraków, Poland. Three sets of experiments were conducted, imposing singular trapezoidal 

flood waves as forcing terms. The maximal wave height differed between runs, but the water 

volume and bed slope stayed the same. The bed was covered with mixed gravel, and the sed-

iment was weighted using a trap at the end of the flume. The water level was measured at 

5 points along the flume, while the velocity was measured in the middle of the flume by 

Acoustic Doppler Velocimeter at a point 7 cm above the bed. Preliminary results show that 

unsteadiness of flow induces the variation of bedload transport during the wave passage and 

that the total yield of sediment is positively correlated with the wave magnitude. 

Keywords: ADV, laboratory experiments, sediment transport, unsteady flow. 

1. INTRODUCTION 

The studies of sediment transport in conditions most comparable to that of natural watercourses 

are essential in understanding the effects of naturally and accidentally occurring events. Such 

events are associated with abrupt unsteadiness of the river flow, which causes a higher rate at 

which sediments are moved within a river, resulting eventually in morphodynamic and water 



Ł. PRZYBOROWSKI  et al. 

 

76 

quality changes (Michalik and Książek 2009). Recent laboratory experiments correlated bed 

shear stress, bedload rate and stream power, and pointed out that hysteresis is present in the 

relationship between sediment flux and flow rate, as well as between other process variables 

(Mrokowska et al. 2018; Phillips et al. 2018). Moving from such findings, the present experi-

ments were designed to further investigate the characteristics of transient flows, and the influ-

ence of wave characteristics on the bedload dynamics. 

2. EXPERIMENTAL SETUP 

Experiments were performed in 12-m-long and 0.485-m-wide flume. The channel bottom was 

covered with a layer of mixed gravel with median grain size  d50 = 3.52 mm  and maximal grain 

size  dmax = 12.50 mm. Trapezoidal waves were generated varying the maximum discharge. 

Water depth was measured using 5 resistive sensors placed along the flume. The flow velocity 

was measured at a point around 7 cm above the bed, using a Sontek ADV at 50 Hz placed in 

the middle of the flume. Before each run, the bed was manually smoothed, and the flume was 

slowly filled with water, initially to discharge equal to 6 m3/h, then for 2 minutes increased to 

80 m3/h, which was estimated to correspond to incipient motion conditions. 

3. RESULTS 

Three series of experiments were conducted and repeated, obtaining 10 runs in total with three 

different wave magnitude. Accordingly, the average water depth during a wave peak was 

13.0 cm with average discharge  Q = 176 m3h–1  and stream power  ω = 2.34 Nm–1s–1  for the 

first set of tests; 11.9 cm with  Q = 150 m3h–1  and  ω = 2.91 Nm–1s–1  for the second; 9.6 cm 

with  Q = 113 m3h–1  and  ω = 1.49 Nm–1s–1  for the third test. The dimensionless shear stress 

derived from the ADV data exceeded the critical shields parameter. The bedload rate q [kgs–1] 

was an order of magnitude higher during the highest discharge case (Fig. 1a) in comparison to 

the lowest discharge (Fig. 1b).  

Fig. 1. Recorded hydrographs with discharge and bedload rate for a wave with a peak at: 180 m3h–1 (a) 

and 115 m3h–1 (b).  
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A b s t r a c t  

Laser Profilometry refers to a surface measurement by laser sheet projection on the geometry 

of interest. This technique is routinely used in industrial and in hydraulics laboratory applica-

tions. In this paper, we present a development of this technique for overtopping induced dike 

breaching experiments. The Laser Profilometry Technique (LPT) presented hereafter allows 

for high resolution continuous monitoring of the three‐dimensional (3D) evolving breach in 

laboratory models of fluvial dikes. The reconstructions of submerged parts of the dike were 

allowed by use of a dedicated refraction correction module. The LPT was selected for this 

application as it is compatible with commercial cameras and standard sheet projecting lasers 

while offering accurate and sufficient spatiotemporal resolution of the 3D reconstructions. 

The method has also advantages in terms of flexibility and compatibility with different exper-

imental configurations and could be used on different scale models. 

Keywords: profilometry, DLT, subaqueous, dike breaching, nonintrusive. 

1. INTRODUCTION 

Nonintrusive reconstruction of highly evolving surfaces is a challenging task and a highly val-

uable feature in experimental setups, especially in erosion, scouring and morphodynamics re-

lated experiments. Recent advances in digital imaging and processing capabilities promoted 



I. RIFAI  et al. 

 

80 

development of image processing based measurement technique. The Laser Profilometry Tech-

nique (LPT) presented in this paper is one of them as almost all the information needed for the 

geometry reconstruction is encapsulated in recorded images. 

2. OVERALL ALGORITHM 

The LPT applied to dike breaching experiments is structured in three main modules: (1) image 

processing, (2) reconstruction, and (3) refraction correction. The image processing module con-

sists of a series of filters allowing to segregate the laser profile incident on the measured geom-

etry (Fig. 1a). The reconstruction module transforms the laser profiles defined in image 

coordinates into 3D coordinates. This step is performed using the Direct Linear Transformation 

(DLT) algorithm (Abdel-Aziz and Karara 2015) (Fig. 1b). The refraction correction module 

allows for refraction bias correction for submerged reconstructed surfaces. The refraction cor-

rection is applied using the Snell-Descartes law (Glassner 1989) and assuming simplified planar 

approximations of the water surface. Detailed description of the algorithm is presented in Rifai 

et al. (2020).  

 

Fig. 1. Reconstruction of the breach geometry for a fluvial dike breaching test with erodible bottom. 

3. LIMITS AND PERSPECTIVES 

Although the method has proven its performance and allowed for satisfactory results on overs 

50 dike breaching tests (Rifai et al. 2019), several limits were pinpointed and restricted the 

range of experimental configurations that could be studied. 

Issues related to laser visibility, such as blind spots and water turbidity, can result in missing 

data in the reconstruction. Adding cameras with different point of views and different colour 

lasers can be a workaround of the first issue. Adaption of the laser power and enhancement of 

the image processing algorithm can allow improvement of the accuracy of reconstructions in 

high turbidity cases. 

(a)  

 

 

 

 

 

 

 

 

 

(b) 
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Other adaptations of the overall algorithm can be explored and can allow for complementary 

measurements. For hydraulics and/or morphodynamics related experiments, this enhancements 

could be particle tracking for flow trajectories and velocities, water height deduction from laser 

refraction measurements, colorized and texturized reconstructions allowing for tracking of bed 

forms migration, etc. 
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A b s t r a c t  

A novel and low cost tool, namely the instrumented particle, that is potentially able to 

directly monitor the near bed surface flow hydrodynamics and can be used by researchers and 

practitioners alike is presented. The particle is fitted with micro-electro-mechanical-systems, 

MEMS, sensors that are able to quantify its inertial dynamics and detect the particle’s incipi-

ent motion accurately. A well-controlled laboratory flume experiment for assessing the incip-

ient entrainment of the instrumented particle which mimics the behaviour of a naturally 

rounded pebble resting on a riverbed for a range of flowrates near the threshold of motion is 

conducted. The logged acceleration readings, after appropriate post-processing, are used to 

assess the entrainement threshold of the instrumented particle. Appropriate theories that take 

into account the dynamic characteristics of particle’s entrainment are considered to interpret 

these readings with an ultimate goal of back-estimating hydrodynamic drag which is repre-

sentative of the hydrodynamic forces acting on the bed-surface. 

Keywords: instrumented particle, impulses, MEMS sensors, incipient motion, turbulence. 

1. INTRODUCTION 

Sediment entrainment is considered to be the governing process in different applications around 

the fields of geoscience and engineering and therefore has gained a lot of attention in the liter-

ature for the past century (Buffington and Montgomery 1997). Therefore, extensive field and 

laboratory studies exist in the literature for assessing the conditions that can result in initiation 

of sediment entrainment, namely incipient motion. Different criteria for assessing the incipient 

entrainment of sediment particles have been suggested by different authors (Shields 1936; Bag-

nold 1966; Valyrakis et al. 2010). Among the different criteria, the impulse (or energy) criterion 
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is the only criterion that considers both the force magnitude of the near bed turbulent event and 

it duration are relevant in predicting sediment entrainment. The field and laboratory studies of 

sediment entrainment are usually performed using expensive tools like Acoustic Doppler Ve-

locimetry (ADV) and particle image velocimetry (PIV). The recent technological advancement 

has provided researchers in the field of fluvial hydraulics with the ability to directly assess 

sediment entrainment using low cost tools like micro-electro-mechanical-systems, MEMS, sen-

sors (Valyrakis and Pavlovskis 2014; Valyrakis and Alexakis 2016; Al-Obaidi et al. 2020; Al-

Obaidi and Valyrakis 2021). Researchers and practitioners alike can benefit from using such 

low cost sensors in comparison to the expensive velocimetry techniques that indirectly offer 

estimates of shear stresses that could be linked to sediment entrainment via Shields diagram. 

Hence, the motivation of this work is to study the application of instrumented particles as low 

cost tools for assessing near-bed flow hydrodynamics with an ultimate goal of back-estimating 

hydrodynamic drag which is representative of the hydrodynamic forces acting on the bed-sur-

face. 

2. THE INSTRUMENTED PARTICLE 

The instrumented particle used in this study is 7 cm in diameter that is embedded with microe-

lectromechanical (MEMS) sensors (a tri-axial accelerometer, a tri-axial gyroscope, and a mag-

netometer) that record at the same frequency which is adjustable with a range of 100–500 Hz. 

Depending on the flow conditions and expected particle’s response, one can define a sufficient 

logging frequency (for this study a logging frequency of 150 Hz is selected). The sensors are 

interconnected forming inertial measurement units (IMUs) with which the particle’s inertial 

dynamics can be precisely quantified. 

3. EXPERIMENTS AND RESULTS 

A water recirculating flume that is 8 m in length, 0.9 m in width and is able to carry flows of 

up to 0.4 m deep is used for the study. The particle is placed on micro-topography made of 4 

hemispheres forming a triangular arrangement in the test section that is located 2.5 m down-

stream the outlet and 5.5 m upstream the inlet of the flume. The location of the test section 

ensures having hydraulically rough fully developed turbulent flow. For a range of flowrate that 

represents the for near-critical flow conditions, six run are performed to investigate the incipient 

entrainment of the instrumented particle. A video camera is placed on one side of the flume 

near the test section in order to record the particle’s movements accurately. The logged readings 

of the sensors (20 minutes for each run) are post-processed using inertial sensor fusion (Kalman 

filtering) to reduce the uncertainty (by using the readings from one sensor to correct the readings  

 

Fig. 1. The corrected total acceleration (estimated by inertial sensor fusion of the logged readings of the 

instrumented particle) for two runs of the experiment with the red line showing the threshold separating 

the full entrainments from the twitching events (or the partial entrainments) as validated by the visual 

assessment. 
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of the other sensor) and the corrected acceleration readings are used to estimate the total accel-

eration of the instrumented particle (samples of two minutes are shown in Fig. 1). The total 

acceleration results are then used to assess the entrainment of the instrumented particle for the 

six runs of the experiment by defining a threshold value separating the full entrainments from 

the twitching events (or the partial entrainments) that is validated by manual comparison to the 

video recordings. Additionally, the acceleration readings are linked to the velocities of the tur-

bulent flow events via relevant theories of flow impulses (Valyrakis et al. 2010). 
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A b s t r a c t  

Acoustic Doppler velocimetry profilers (ADVPs) are widely used in both experimental 

and field studies because of their robustness in velocity measurements. The acquired meas-

urements offer estimates of the instantaneous flow velocity at the interrogated measurement 

volume and can also be further processed for the estimation of the bed surface shear stresses 

and turbulent kinetic energy, thus finding a wide range of applications ranging from water 

engineering to geomorphology and eco-hydraulics. This study aims to evaluate the perfor-

mance of an ADVP in obtaining hydrodynamics measurements under fixed flow conditions, 

with various probe configurations. Different assessment criteria are used for the evaluation 

including qualitative observations as well as quantitative error metrics to assess the uncertain-

ties in the estimation of shear stresses using log Law of the Wall and turbulent kinetic energy 

due to the probe configuration settings. The methodology implemented herein, for a given 

flow, and the suggestions presented represent a generalized hierarchical framework which can 

find use from practitioners and researchers alike. 

Keywords: acoustic Doppler velocimetry profilers, flow velocity, shear stress, turbulent ki-

netic energy, turbulence. 

1. INTRODUCTION 

Acoustic Doppler velocimetry (ADV) is widely used as one of the most versatile and robust 

flow diagnostics tools for both laboratory and field studies across a range of research and ap-

plied themes spanning engineering eco-hydraulics and geomorphology. A range of specific 

ADV probes with varying specifications are readily available for use by professionals and re-

searchers. ADV measures the sampling volume of a water body in the water flow via the Dop-

pler shift caused by the reflection of the pulse transmitted from the centre transducer (the centre 

beam) and received by the four receiving beams (Nortek 2012; Nortek AS 2015; Kraus et al. 
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1994). An acoustic Doppler velocimetry profiler (ADVP), i.e. Vectrino II, has the same work-

ing principle, but enables profile measurements, which may involve interrogating more than 

one measurement points, at the same time. Thus ADVPs, may typically have additional param-

eters that the user may need to define in the probe settings, which even though desirable, may 

leads to increased uncertainties if there is no generally acceptable guidance to enable their op-

timal use. 

In this work, a series of laboratory experiments have been conducted, under the same open 

channel flow conditions, using a profiler (ADVP Vectrino II from Nortek®) aiming to cover 

the full range of probe configuration combinations that can be used in practice. Flow velocities 

have been measured via the software Nortek Multi-Instrument Data Acquisition System (Vec-

trino Profiler). The probe configuration in this software contains a few indexes which have 

some level of dependencies which are altered to identify their impacts on the velocity measure-

ments, velocity profile and the estimated shear stress using these measurements. 

2. EXPERIMENTS AND RESULTS 

The experiment has been conducted in a rectangular horizontal recirculating flume in the Water 

Engineering Laboratory at the University of Glasgow. The flume is 1 m wide with glassed side-

walls, and the flume bed consists of a few centimetres high layer of sand with nominal diameter 

from 0.5 to 2.36 mm (d50 = 1 mm) covering the whole flume width. The probe is joined with 

a vertical gauge, which enables the probe to move vertically. The velocity profiles have been 

taken at the same lateral location (345 mm away from the sidewall) under the exactly same flow 

conditions, but different probe configurations. Examples of velocity profiles of selected exper-

iments (different probe configurations) are shown in Fig. 1 below. 

 

  

  

Fig. 1. Velocity profiles of selected experiments: a) “smooth” from visual check and good fit a logarith-

mic function, b) “smooth” from visual check, c) “curved” from visual check, and d) “random” from 

visual check. 
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3. CONCLUSIONS 

Velocity profiles are taken at the same location and under the same flow condition with different 

probe configurations, and the result of mean velocity profile, shear stress estimated using tur-

bulent kinetic energy and log Law of the Wall vary significantly, which clearly shows the de-

pendency between the probe configuration and the results. Results show that overall, the 

accuracy of Vectrino-II is dependent on probe configurations, and this study provides a frame-

work of preliminary test to find the best probe configuration for the given flow. The value of 

this research is independent of the exact software or the specific probe because it lays in the 

framework of optimizing the velocimetry results by tweaking the probe configuration parame-

ters. 
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A b s t r a c t  

Common practices related to the use of fluorescent tracers include multiple dyes in 

branches of convergent streams, and multiple dyes to compare the performance and to control 

the quality of the results. Although the control software of spectrofluorometers presents ad-

vanced features like multiple peak identification, a spectral separation function is usually not 

available. It is worth to note that a typical field campaign may result hundred or even a few 

thousand of samples whose tracers need to be identified and have its concentration measured. 

To deal with this issue, a set of Python scripts for background subtraction and spectra separa-

tion was tested with a dataset of samples with a single tracer and with mixtures of Eosin and 

Fluorescein. The uncertainty of the results is dependent on the concentration ratio of the trac-

ers in the sample. 

Keywords: fluorescence, spectral characteristic, separation method. 

1. INTRODUCTION 

Field campaigns employing fluorescent tracers provide data to estimate hydraulic parameters 

or to calibrate water quality models (Romanowicz et al. 2013). 

As the spectra of tracers considered safe (Behrens et al. 2001) for application in inland, 

estuarine, and coastal water bodies present full width at half maximum (FWHM) relatively 

wide, the analysis of samples with mixture of tracers requires special attention (Käss 1967). 
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2. MIXTURE  SEPARATION  METHOD 

Typical concentrations in field works are small, ranging from 1 to 20 mg m–3 at the sampling 

sites. These low concentrations, usually quantified by spectrofluorometers, present issues re-

lated to peak identification and separation by the instrument companion software or visual spec-

tra inspection (see Fig. 1). 

2.1 The experimental dataset 

Laboratory work started with the preparation of standard solutions with concentrations of 1, 2, 

5, 10, and 20 mg m–3 of Eosin and of Fluorescein followed by mixtures of these standards in 

destillated water. Sample analysis was carried out by the synchronous scanning method.  

2.2 Spectra separation 

A set of Python functions was built for adjusting Lorentz curves to the measured spectra for 

each selected tracer which is individually defined by a peak wavelength and by a FWHM.  

The application used the least square fitting of the scipy.optimize.curve_fit function. Fig-

ure 1 depicts the result of the spectra separation for one sample with a mixture of 2 mg m–3 of 

Fluorescein with 20 mg m–3 of Eosin. The differences between the concentrations of the stand-

ard samples and those obtained from the adjusted spectrum were 19% for Fluorescein and 1.5% 

for Eosin, decreasing to 3.5% and 0.5%, respectively, after the application of the method.  

 

Fig. 1. Spectra of a sample with mixture of tracers: (above) adjusted spectrum by the sum of individual 

spectra; and (below) difference between the adjusted and the measured spectra.  

The differences between the concentrations obtained from the adjusted spectra of samples 

with a single tracer and the mixture were 1.5% for Fluorescein and 1.0% for Eosin. For higher 

concentration ratios, e.g. a mixture of 20 mg m–3 of Fluorescein with 2 mg m–3 of Eosin, the 

differences between the concentrations of Eosin obtained from the adjusted spectrum were 

100% and 6%, before and after the application of the separation method, respectively.  
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A b s t r a c t  

In this study, Digital Surface Model (DSM) was created to investigate to what extent un-

steady flow affects gravel bed surface in laboratory conditions. Bed elevation was meas-

ured before and after the passage of unsteady flow using a Digital Close Range 

Photogrammetry (DCRP) technique and the processing of photographic data was performed 

using PhotoScan software. From these preliminary outcomes, it can be concluded that the 

DCRP technique can be considered as a complementary method to track the changes of gravel 

beds at the laboratory scale. 

Keywords: Digital Close Range Photogrammetry technique, gravel bed surface, Digital Sur-

face Models, transient flow. 

1. HYDRAULICS LABORATORY EXPERIMENT SETUP 

The experiment was performed in a flume with glass side walls, and bed slope equal to zero in 

the Laboratory of Faculty of Environmental Engineering and Land Surveying, University of 

Agriculture in Kraków, Poland. Before every test, the bed material was levelled for 7.5 m with 

a thickness of around 12 cm. A total of 9 experimental runs were carried out under unsteady 

flow conditions in a 12-m-long, 0.485-m-wide, and 0.60-m-deep flow-recirculating tilting 
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(20 Mpix), following a photogrammetry technique similar to one proposed by Faezal et al. 

(2016) and Stojic et al. (1998). The bed material was classified as average gravel 

(d50 = 3.52 mm). The spatial coordinates (X,Y,Z) of control points (14 CPs) were acquired with 

a Topcon OS-103 total station. The CPs data was later used to calibrate both the 3D model and 

the contour plots derived from the DCRP.  

A unit of Sony DSC-RX10M4 camera was mounted on a steel bar centrally above the flume 

width to capture a series of digital images of the channel bed. The distance from the bed has 

been fixed to 1.4 m and the camera was moved along the longitudinal profile of the flume with 

a 10 cm interval to capture 64 digital frames of the bed surface. 

2. RESULTS 

Pre-flow and post-flow bed surface models were compared to each other to determine the bed 

surface changes. Figure 1 displays the changes of the bed surface between pre-flow and post-

flow conditions, for a test with a water discharge  Qmax = 180 m3/hand duration of 9′20″.  

 

Fig. 1. The bed surface pre-flow (higher frame) and post-flow (lower frame), scale in cm. 

The results show that the DCRP technique can be used to determine the bed surface changes, 

providing distributed information on erosion and accumulation zones. The comparison of pre- 

and post-flow DSM can also help in computing the total mass transport. 

It is worth to note that the DSM have a sub-millimeter accuracy, while the flat sheets of 

paper used as CPs are reflected with very high accuracy. 
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A b s t r a c t  

Establishing and operating a harmonised sediment monitoring system along large rivers such 

as the Danube is a challenging international task. Our objective is to develop a time- and cost-

effective suspended sediment measurement protocol that can be easily carried out in the Up-

per-Hungarian Danube. In this study, we present the results of the comprehensive testing of 

direct and indirect (acoustic and optical) suspended sediment analysis methods, during which, 

we established moderate to strong relationships between the determined suspended sediment. 

Keywords: acoustic backscatter, laser diffraction, suspended sediment, turbidimeter. 

1. INTRODUCTION 

Recent studies along the Danube (e.g. DanubeSediment 2019) pointed out the significance of 

harmonised suspended sediment (SS) monitoring system along large rivers. In the Upper-Hun-

garian Danube, the first Hungarian monitoring site with state-of-the-art instrumentation is cur-

rently under construction according to international guidelines and recommendations (e.g. 

Haimann et al. 2014). Our objective is to test different SS analysis methods in order to develop 

an integrated, time- and cost-effective SS measurement protocol, as the currently used moni-

toring method (pump sampling at 5 pre-fixed days per year; the suspended sediment concentra-

tion (SSC) determined by the evaporation method) is costly and time-consuming, and not 

suitable for detecting spatial and temporal variability of SS transport characteristics (i.e. SS 

load (SSL), SSC, particle size distribution (PSD)). As the monitoring site will consist of a near-
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bank turbidimeter and a horizontal-looking Acoustic Doppler Current Profiler (ADCP), we 

tested different acoustic and optical instruments and compared them with the filtration method.  

2. MEASUREMENT PROTOCOL 

During the field measurements, we took samples with an US P-61-A1 isokinetic sampler ac-

cording to the multi-point method (in 5 verticals, in 5 measurement points per each). Addition-

ally, an Acoustic Backscatter Sensor (ABS), the LISST-ABS was fixed on the isokinetic 

sampler to collect acoustic backscatter data from the same point as the physical sampling. In 

order to calculate the SSL, we carried out flow measurements with a 1200 kHz ADCP instru-

ment. This was supplemented with cross-sectional ADCP measurements. In order to determine 

the SSC, we tested different direct and indirect methods. We performed the followings: (i) pos-

itive pressure filtration (0.45 μm), (ii) laser diffraction analysis using the LISST-Portable|XR, 

(iii) turbidity measurement using the VELP TB1 portable turbidimeter, (iv) in-situ acoustic 

backscatter data collection with the LISST-ABS, and (v) calibration of the ADCP relative 

backscatter. 

3. RESULTS AND DISCUSSION 

Strong relationships could be established between the filtration method and both the optical 

methods (LISST-Portable|XR: R2 = 0.94, VELP: R2 = 0.97), and the acoustical LISST-ABS 

(R2 = 0.89) which means that these indirect instruments can be calibrated with great reliability. 

However, we found that the reliability decreases above 150–200 mg/L (which occurs during 

high water regimes) in all three cases. The LISST-Portable|XR is an instrument that can provide 

information about the PSD as well. According to the results, at this section, the SS material is 

homogeneously distributed silt, with a mean size of 10–35 µm. Based on our previous study on 

another Danube section (Pomázi and Baranya 2020), only the LISST-ABS measurements are 

expected to be sensitive to size effects within this range of particle size.  

We examined how the LISST-ABS would work as a near-bank turbidimeter, and established 

a strong connection (R2 = 0.96) between the calibrated near-bank LISST-ABS concentration 

and the total cross-sectional SSL. It seems, that the future near-bank turbidimeter will be a suit-

able instrument of the SS monitoring indeed.  

In case of the ADCP calibration, the established relationship is only moderate (R2 = 0.60) 

and more scattered which could be explained by the calibration process (Gartner 2004) itself as 

many parameters are needed to be determined (instrument-specific constants and coefficients 

that depend on water and sediment characteristics). However, we believe that the calibration 

can be used for qualitative analysis and thus, the spatial and temporal variability of SS moni-

toring can be enhanced. 
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A b s t r a c t  

Pumping in waterways, particularly in artificial canals, is energy-intensive, costly and may be 

responsible for the emission of large quantities of CO2. Innovative pumping technologies have 

the potential to reduce energy consumption; but their performance needs to be thoroughly 

assessed. This communication presents the design, sizing and construction of an experimental 

test bench for evaluating the performance of large submersible and dry-action centrifugal 

pumps typically used in waterways. It enables testing prototype-scale pumps and was de-

signed in close collaboration with stakeholders such as canal operators. This experimental 

facility is challenging on many aspects given its size, as well as requirements for power supply 

and for measurement of system efficiency. 

Keywords: experimental test bench, waterways, pumps, stainless steel pipe design, flow in-

strumentation. 

1. DESIGN AND SIZING 

The overall objective of the test bench is to enable monitoring the efficiency of submersible 

and dry-action centrifugal pumps under a broad range of operating conditions. The primary goal 
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being the assessment of pumps typically used for lifting water in artificial waterways, the ca-

pacity requirements for the test bench were defined in close collaboration with stakeholders, 

mostly canal operators. This lead to the following specifications: pressure up to 10 bars, flow 

rate up to 0.3 m³/s, power supply up to 300 kW and pumps of up to 2 tons in weight (Table 1). 

Given these specifications, various aspects of the test bench were designed and sized: layout of 

stainless steel pipes, pipe diameters, water supply system, regulating valve, energy dissipation 

system, power electronic boxes with safety and emergency systems, pressure measurement de-

vices and release of entrapped air, among others. A closed-loop system was selected. The over-

all layout is represented in the CAD model shown in Fig. 1. The positioning of dry-action 

pumps to be tested is sketched on the right side of the figure, while submersible pumps to be 

tested shall be installed inside the large tank (visible on the left of the figure). 

Table 1 

Main characteristics of the test bench 

Tank characteristics Pump characteristics Test bench characteristics 

Weight 3.5 T Weight max 2 T Sensors 10+ 

Capacity 30 m3 Power max. 300 kW Area 8 m × 10 m 

Diameter 3 m Flow rate max. 300 l/s Piping weight 2 T 

Height 4.5 m Pressure max. 10 bar Height max. 4.5 m 

 

Fig. 1. Layout of the test bench. 

The measurement system includes a flowmeter, a regulating valve (to adjust the head), pres-

sure transducers as well as a power analyser and NI data logger. The main pipes have a diameter 

DN350, allowing friction losses to remain relatively low and ensuring that the diameter of the 

pump outlet is smaller than the pipe diameter. Sufficiently long straight pipe sections are placed 
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at the inlet of the flowmeter as well as for the suction pipe of dry-action pumps, to ensure 

uniform velocity distribution and equalised pressure on the considered section as this helps 

avoiding swirl conditions. 

The diameter and the height of the main tank were determined to prevent swirl conditions 

at the inlet of the submersible pumps (Sulzer-Pumpen 2010). Given the resulting dimensions 

(3 m in diameter and 4.5 m in height), the main tank was not available off-the-shelf; but it was 

manufactured on purpose for the test bench. It is made of stainless steel and its sizing accounts 

for a variety of constrains, including mechanical strength (finite element simulations were per-

formed to size the curved door and lid), manufacturing process, pump installation procedure 

and test operations. The door is curved to withstand the inside pressure when the tank is filled 

with water. The stainless steel sheets are all minimum 6 mm thick. An energy dissipation sys-

tem, made of several distribution pipes (in dark blue in Fig. 1), is installed at the inlet of the 

tank to further contribute to avoiding swirl conditions close to the inlet of submersible pumps. 

A regulating valve is used to adjust the head losses in the hydraulic loop by varying the valve 

opening angle (between 30° and 70°). Given the specifications on the operation range of the 

pumps to be tested, a butterfly valve of diameter DN200 was selected.  

2. OPERATION 

Once a pump is installed, the operating procedure is the same for both submersible and dry-

action pumps. The regulating valve and the rotation speed of the pump are electronically steered 

to browse a range of operating points. The pump is started at its nominal rotating speed, with 

the lowest opening angle of the regulating valve (30°). While the measurements in the bench 

are continuously recorded at a high frequency, the opening angle is increased by steps of 10°, 

up to the maximum flow rate of the pump or the valve maximum opening angle is reached. 

Then, the operation is repeated in reversed order, by decreasing the valve opening angle by 

steps of 10°. Next, the pump rotating speed is decreased by a predefined step and the whole 

operation is repeated again. This enables characterizing steady operating points of the pump for 

a representative range of heads and rotational several speeds. The characteristic curve of the 

pump can be redrawn with associated performance for nominal and non-nominal operation. 

Submersible pumps to be tested are placed inside the tank through the door using a fork truck 

lift machine and the bridge crane installed at the top of the tank while dry-action pumps are 

placed inside laboratory. 
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A b s t r a c t  

The experimental and numerical simulation of the three dimensional flow around fully 

submerged vertical aligned square and circular cylinder due to steady current over plane bed 

is reported. The focus of the present investigation is toward assessing the flow characteristics 

and reattachment length around these cylinders. Streamlines around these cylinders are ob-

tained from normalized longitudinal velocity. In addition, power spectra are determined to 

explain the variation of dominant vortex shedding frequency around cylinders, which is em-

ployed to determine the entrainment of the bed sediment particles around these cylinders. The 

dominant shedding frequency is evident for circular than square cylinder. Results show that 

the magnitude of the normalized streamwise velocity is 20–40% less for square than circular 

cylinder. Further, scour prone zone is determined from the bed shear distribution around var-

ious cylinders. Bed shear stress is higher for circular than aligned square cylinder. Reattach-

ment length is higher for higher size of the cylinders.  

Keywords: alignment angle, fully submerged cylinders, bed shear stress, submergence ratio, 

reattachment length. 

1. INTRODUCTION AND OBJECTIVES 

A vertical cylinder turns into fully submerged when the depth of flow is above the cylinder’s 

height. Various investigations were reported, which focus on the flow around the cylinders. 

In addition, the majority of the investigations were carried out to measure the flow charac-

teristics around the different shapes of fully submerged structures, but there is deficiency of 

data on the effect of alignment angle on the flow around square cylinder over plane bed. More-

over, the present study focuses on the variation of maximum bed shear stress around aligned 

square cylinder over plane bed.  
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2. MATERIAL AND METHODS 

The study provides the measurements of the flow characteristics around submerged vertical 

cylinders in a rectangular open channel over the plane bed. Further, numerical simulations were 

carried out to validate the experimental results. Velocity measurement at different sections aro-

und the submerged cylinders were carried out using Acoustic Doppler Velocimeter (ADV). 

Numerical simulations were performed using COMSOL Multiphysics 5.0 with k- turbulence 

closure model. The simulations are also used to investigate the variations of flow characteristics 

and reattachment length around the submerged cylinders. The simulations show the variation 

of reattachment length with the variation of submergence ratio, velocity and orientation of the 

square cylinder. In this study, the steady-state Reynolds Averaged Navier-Stokes equation 

(RANS) with constant turbulence viscosity for the conservation of mass and momentum equa-

tions were used for the simulation of the recirculating flow around the submerged cylinders. 

The geometry boundary elements were distincted  into triangular or quadrilateral. The grid spa-

cing was considered adequate for the convergence of solution and resembled good agreement 

with the experimental results.  

3. RESULTS 

Results show that re-attachment length is higher for larger diameter of the cylinder as well as 

the square side of the square cylinder. Reattachment length is 10–35% more in the case of 

square cylinder compared to the circular cylinder. The higher recirculation zone is noticed in 

the mid-depth compared to near the bed and free surface for all the submerged cylinders, 

whereas the center of the eddy reduces due to increasing of submergence depth for all the sub-

merged cylinders. The flow separation is evident at the top of the fully submerged cylinders 

below the free surface. Bed shear stress is found to be higher near to the submerged cylinders 

and it decreases away from the cylinder, which is shown in Fig. 1. Besides, the bed shear in-

creases with alignment angle in the downstream, whereas it decreases in upstream and trans-

verse directions of the square cylinders. 

 

 

 

Fig. 1. Variations of  

normalized bed shear 

stress ( b̂ ) with x̂  

and r̂ :  A ( = 0), 

B ( = 90), and 

C ( = 180). The 

peak of power spectra 

is significant for cir-

cular cylinder than 

square and aligned 

square cylinder. The 

peak shows the 

strength of vortices to 

transport the bed sed-

iments around the 

cylinders. 
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A b s t r a c t  

In this study, the comparison of measured suspended sediment concentrations, calculated light 

transmissivity and underwater images was done in order to assess the visibility conditions in 

a large river and to investigate the opportunities of a possible forecasting methodology that 

could support diving operations and underwater image processing methods. Further discus-

sion will be made based on the first set of results. The measurements were carried out in the 

Hungarian section of river Danube. 

Keywords: suspended sediment, river, transmissivity, underwater camera. 

1. INTRODUCTION 

Underwater diving operations in rivers are always hazardous due to the limited visibility con-

ditions and strong currents. Hence, pre-monitoring of the diving sites in terms of physical con-

ditions is essential. Acoustic Doppler Current Profiler (ADCP) measurements not only give 

information about the flow velocities, but the suspended sediment concentration (SSC) can also 

be assessed (Pomázi and Baranya 2020), playing an important role in visibility. Moreover, SSC 

values can provide the so-called optical transmissivity parameter (i.e. the proportion of visible 

light transmitted through unit distance of the turbid medium) (McCarthy et al. 1974). This could 

give information for the divers about visibility distance. In this study, we used ADCP measure-

ments to estimate SSC and optical transmissivity in a case study in the Hungarian Danube. 

Nowadays, computer vision and image-processing methods are rapidly improving and 

spreading into more and more field of engineering, for instance, hydraulic engineering. In our 

earlier study of river Danube (Ermilov et al. 2020), underwater cameras were deployed on the 
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field to take images of the riverbed and bedload to quantify grainsize distributions and bedload 

transport rate. These images were used here to validate the calculated optical transmissivities.  

2. METHODOLOGY 

In a recent study (Pomázi and Baranya 2020), we tested a 1200 kHz ADCP to derive SSC dis-

tributions from acoustic backscatter. Time-averaged echo intensity (EI) profile (Fig. 1a) could 

be determined from fixed-boat ADCP measurement. We performed the calibration by the so-

called sonar equation (Gartner 2004), establishing a relationship (R2 = 0.60) between the rela-

tive backscatter and the measured SSC. An example for the calibrated SSC profile is shown on 

Fig. 1b. Additionally, we analysed the above-mentioned physical samples with the LISST-

Portable|XR laser diffraction device applying the Mie-theory for quartz particles. Besides SSC, 

laser diffraction provides particle size distribution of the suspended sediment in the 0.34–

500 µm size range, as well as the optical transmission (%) of the samples. Based on the rela-

tionship between the SSC and the optical transmission data, we estimated the vertical variation 

of transmissivity due to suspended sediment particles (Fig. 1c).  

When measuring the sediment conditions along the water columns with ADCP and physical 

samplings, a camera was also lowered from the measurement vessel. The footages here were 

used to check the colour range of the infiltrating natural light, depending on the water depth 

and SSC. The changes in the colour are clearly visible in Fig. 1d. We found, that the boundaries 

are related to the inflexions of the optical transmission profile. Besides, estimation of visibility 

distances could also be done to validate the calculated optical transmissivity.  

 

Fig. 1: a) Echo intensity profile, b) calibrated SSC profile, c) optical transmission along the vertical, 

d) example of images from one vertical, taken during the lowering of the camera (top: close to the water 

surface, bottom: riverbed).  
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A b s t r a c t  

The present study investigated flow characterization around tandem piers of circular 

shape having diameter (d = 8.8 cm) at different radial angles, θ = 0°, 45°, 90°, 135°, and 180° 

and compared with single pier of same diameter on rigid bed condition with identical flow 

conditions. The velocity fields at different depth around piers was measured using Acoustic 

Doppler Velocimeter (ADV). To characterize the flow, turbulence intensities, turbulence ki-

netic energy, and Reynolds shear stresses distributions are quantified and plotted for single 

and tandem piers. The Reynolds shear stresses are increased by 30% around the front pier and 

decreased by 30% around rear pier in tandem pier arrangement vis-à-vis single pier. In tandem 

case, turbulence intensity has shown 30% increase in front pier and 30% decrease in rear pier, 

as compared to the single pier. Further, in tandem arrangement, it has been found that there is 

significant decrease in the turbulence kinetic energy around the rear pier (≈ 50%) vis-à-vis 

single pier. 

Keywords: tandem arrangement, rigid bed, turbulence intensity, reynolds shear stress. 

1. INTRODUCTION 

The flow characterization around tandem piers are important to understand flow field dynamics. 

Several researchers attempted to study the turbulence around tandem piers in the past (Ataie-

Ashtiani and Aslani-Kordkandi 2013; Laxmi Narayana et al. 2020). Further, Ataie-Ashtiani and 

Aslani-Kordkandi (2013) explored turbulence parameters around tandem piers on rigid bed and 

found that all these parameters are decreasing in tandem case in comparison to isolated case. 

However, the turbulence characteristics around the tandem piers at different radial angles 

(θ = 0°, 45°, 90°, 135°, and 180°) was not studied in detail in past. This study is focussed on 
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characteriation of turbulence fields around tandem bridge front and rear piers on rigid bed con-

dition. 

2. EXPERIMENTATION AND METHODOLOGY 

The experiments around the single and tandem piers are performed using steel pipe as pier, 

having diameter 8.8 cm (Fig. 1). The pier is placed at predefined location and water was re-

leased into channel using SCADA system; a calibrated flow meter was fitted to inlet pipe to 

measure the water discharge. At 1 m upstream of the pier, at centreline of the flume, instanta-

neous 3D velocities were measured using ADV at several vertical positions starting from 0.5 cm 

above the bed at sampling frequency 40 Hz over a period of 180 seconds. The collected raw 

signals were post processed to eliminate the possible noise in the signals using phase space 

threshold technique proposed by Goring and Nikora (2002). The processed velocity signals 

were checked on Kolmogorov’s scale. 

Fig. 1. Schematic of ADV data collection around the (a) single pier, and (b) tandem pier. 

3. RESULTS AND DISCUSSIONS 

The turbulence kinetic energy, turbulence intensity, and Reynolds shear stresses are computed 

as per studies of Ataie-Ashtiani and Aslani-Kordkandi (2013). The results revealed that the 

parameter has been found to increase around  X/d = 2  in both configurations (X – distance from 

centre of pier in downstream, and d – diameter of the per). Further, higher turbulence kinetic 

energy has been found for single pier condition vis-à-vis tandem pier. Also, it is seen that, the 

parameter is maximum at  θ = 180° (θ is measured from positive X-axis passing through centre 

of pier in anticlockwise direction). 

The analysis of Reynolds shear stresses revealed that, as the flow approaches the pier, the 

component  
−𝑢′𝑤′̅̅ ̅̅ ̅̅ ̅

𝑈2
  is maximum at  θ = 0°  due to the downflow created just upstream of the 

pier. The Reynolds shear stresses have been found to decrease with increase in the angle with 

minimal value at  θ = 90°. The analysis also revealed that, shear stresses are 30% smaller in 

case of tandem pier vis-à-vis single pier condition. 

The analysis of turbulence intensity revealed that, the parameter is increased with increase 

in the angle in both the cases. It was found that the turbulence intensities behind the single pier 

(θ = 180°), were strong, due to flow separation. Further, turbulence intensities are found to de-

crease by 30% behind the front pier in tandem pier condition vis-à-vis single pier condition at 

the same location. 
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A b s t r a c t  

Image processing techniques we deployed to measure bedload transport characteristics. The 

bedload velocity was successfully measured and in some cases the bedload concentration and 

particle size were estimated. Two different approaches were used and good corelations were 

reported from both the laboratory and the field data. Comparing the field video results to con-

ventional bedload sampling measurements showed promising results for further development 

of the image-based techniques. Moreover, the captured videos could help understanding the 

performance of the conventional samplers, pointing out typical sampling errors. 

Keywords: sediment transport, image processing, bedload, image velocimetry, bedload moni-

toring. 

1. INTRODUCTION 

In the last few decades, various videography techniques have been developed to investigate the 

behavior of the bedload particles, mostly on a small scale and in controlled conditions. These 

techniques are usually applied for very weak transports and mostly to examine the incipient 

motion of the particles. The image processing techniques such as optical flow and image dif-

ferencing have been successfully applied to calculate the mobile bed velocity, the surface con-

centration of mobile particles and the shape of the particles when gravel transport takes place, 

both in laboratory and field environment (Radice et al. 2006; Conevski et al. 2019; Ermilov et 
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al. 2020). In this study, two image-based methods are implemented and their applicability in 

various bedload transport conditions is discussed. 

2.  METHODOLOGY AND RESULT  

2.1 Experimental set ups and data post- processing 

GoPro cameras (4k, 2.7 k and 1080 p; 30 and 60 fps) were used to record videos for both labor-

atory and field measurements. In the laboratory the camera was mounted at the centre of the 

flume filled with sediment material which had a bedload trap at the end measuring the bedload 

mass at 1 Hz. Three different bedload transport conditions were performed with medium sand 

(0.35 mm) and fine gravel (7 mm). In the latter case, the device was fixed to a bedload sampler 

and was lowered from a boat to the riverbed. Underwater lights ensured adequate light source 

and visibility in both experiments.  

The image data processing followed the same procedure as explained in Conevski et al. 

(2019), involving image enhancement, image de-blurring and applying the image subtraction 

method (i.e., two-frame change detection). The excluded changes are considered as single par-

ticles (e.g., gravel) or fluxes of particles movements. 

The second method, applied for the field data, was based on the statistical background 

method extraction. The method is adaptive, e.g., when a particle settles the background will be 

updated. Then, the same procedure of subtracting and identifying the background and fore-

ground pixels is applied in both methods. The false pixels were filtered out by using threshold 

and low pass filtering. Next, the velocities are calculated by using cross correlation methods 

(i.e., PIV methodology). A cut off velocities derived from the measured water velocities were 

used to screen the final velocity outputs. The particle size (e.g., gravel bed) and the bedload 

concentration (e.g., sandy bed and sand-gravel) were calculated based on the detected fore-

ground pixels. 

2.2 Results and discussion 

Good correlation coefficients (Pearson), between bedload transport rate and the camera meas-

ured velocities, were observed in both lab (r ~ 0.8, Fig. 1a) and field study (r ~ 0.6). The meas-

urement with sandy sediments gave higher deviation due to the random resuspension of 

particles from the bedload. By considering a characteristic sediment density and converting the 

particle size from pixel to millimetres, the mass of the bedload transport was estimated 

(Fig. 1b). 

                                                            a)                                                                                 b) 

 

Fig. 1: a) Camera velocities vs bedload transport rate (lab), b) field data – calculated mass of 

bedload per unit width (field). 
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The different methods and their results highlighted the possible limitations (e.g. high sus-

pended sediment concentration – poor visibility). Nevertheless, at lower sediment transport 

conditions, image-based techniques are for a good alternative and can significantly decrease the 

time- and labor demand of bedload sampling measurement campaigns. 
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A b s t r a c t  

The knowledge of riparian vegetation bio-mechanical and morphometric features is one of 

the main topics in the analysis of the hydrodynamic interaction between riparian plants and 

water flow in vegetated streams. In this work, the scanning of real riparian plants was per-

formed through a portable device composed of RGB sensors and structured-light 3D scanner, 

and the outcomes of the 3D image processing in terms of Plant Area Index (PAI) based on 

Digital Hemispherical Photography (DHP) were compared and then employed in real-scale 

hydraulic simulations. The results of this study furnish useful insights to ecohydraulic re-

searchers dealing with ecohydraulic experimental analyses and numerical modeling of real 

vegetated flows. 

Keywords: real vegetated flows, 3D scanning, riparian vegetation, morphometry, modeling. 

1. INTRODUCTION 

Predictive and numerical ecohydraulic modeling of vegetated channels aim at investigating the 

effect of flow – riparian vegetation interaction on their hydrodynamic behaviour, as pointed out 

by Lama et al. (2020). The Authors reported that one of the main challenges of ecohydraulics 

is the knowledge of riparian plants’ bio-mechanical and morphometric features in the field. in 

this context, the easiest way to acquire these properties is embodied 3D scanning of riparian 

reed beds based on structured-light 3D scanner, a portable device which sensors measures the 

Near-InfraRed (NIR) pattern projected across reed canopy, while an additional InfraRed sensor 

captures the reflected light pattern. 
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2. PRELIMINARY RESULTS  

The 3D scanning outcomes in terms of Plant Area Index (PAI) of 20 woody riparian vegetation 

stands were compared to those based on Digital Hemispherical Photography (DHP) processing. 

The preliminary results of this work will be employed to simulate a vegetated reclamation chan-

nel examined by Errico et al. (2019), which performed hydraulic and vegetation measurements 

at upstream channel’s cross-section equipped with an acoustic Doppler velocimeter (ADV), to 

estimate the accuracy of the hydraulic simulations by comparing the experimental and modeled 

flow average velocities U and water levels h. Figure 1 shows the main processing steps of 3D 

scans for the examined woody riparian vegetation stands. 

 

 

 

Fig. 1. Examples of 3D scan processing for: (a) soil detection, and (b) PAI estimations. 

 

 

 

 

 

 

 

 

 

Fig. 2. Comparison of PAI derived 

by DHP and 3D scanner acquisi-

tions corresponding to 20 woody 

riparian plants’ stands. 

 

 

In Fig. 2 are shown the accuracy of the hydraulic simulations, performed by comparing the 

experimental and modeled flow average velocities U and water levels h, expressed in m. 

Figure 2 shows that DHP- and 3D scan-based PAI estimations of the 20 examined riparian 

samples are highly correlated, testified by a coefficient of determination  R2 = 0.80. 
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A b s t r a c t  

Spatially and temporally distributed in-situ wave data is difficult or expensive to collect, how-

ever, such a dataset is important for understanding wave propagation and validating numerical 

models. Here we explored an alternative to array of underwater pressure gauges, consisting 

of cheap and easy-to-install ultrasonic wave gauges mounted on tripods above the water sur-

face, measuring the downward distance, equipped with telecommunication modules and solar 

panels. In a pilot application, these wave gauges were deployed in a shallow lake, and their 

data was compared to those collected simultaneously with an underwater, upward looking 

echosounder. The presented network proved to be able to provide an accurate picture of the 

sea state at a fraction of the cost of a “professional” instrumentation. 

Keywords: wave gauge, acoustic surface tracking, ultrasonic distance measurement. 

1. INTRODUCTION 

In the presence of patchy emergent vegetation, for example, the wave field has a high spatial 

and temporal variability, as it is influenced by refraction and diffraction. In order to sample 

wave characteristics at many frequent combinations of wind and mean water level on the field 

with high enough likelihood, sufficiently long-term and spatially distributed measurements 

must be performed. In order to reduce the costs of such a survey, we developed solar-powered, 



M. SZILÁGYI  et al. 

 

124 

networked ultrasonic wave gauges, whose low cost make them affordable for array measure-

ments, e.g. in a regular pattern just a few hundred meters from each other. The paper describes 

the technical details and the validation through a pilot study. 

2. MEASURING INSTRUMENTS 

Our wave gauges track the distance of the water surface from a fixed point above the water 

surface with a ubiquitous ultrasonic car parking sensor, same as those integrated into bumpers. 

The instrument is equipped with a battery, a solar panel, a microcontroller including a time 

module, an SD card and a radio communication module. Earlier the gauges were successfully 

operated at a frequency of 1 min–1 in order to observe slower wind-induced water level fluctu-

ations in a channel system connected to a lake (Krámer et al. 2020). In this study, the gauges 

were adapted to measuring wave parameters using 5 Hz sampling frequency. 

For validation, we carried out a pilot study in a bay of Lake Fertő (Austria/Hungary). The 

average water depth of the measurement area was only between 60 and 80 cm. The transducer 

of the gauges was placed above the water level, on aluminium tripods, looking down vertically 

towards the water surface. Moreover, a single Nortek Signature 100 acoustic Doppler current 

profiler placed on a cross-shaped platform on the lake bottom, was operated simultaneously to 

validate one of the down-looking gauges. Due to the constraining shallowness, the only useable 

information from this instrument was the ultrasonic surface tracking. Additionally, the wind 

was recorded close to measuring area by a sonic anemometer placed on a 4 m tall mast. 

3. RESULTS 

Figure 1 gives insight into the validation through the derived bulk wave parameters from spec-

tra at one of the gauges for a three-day-long period. The Nortek Signature surface tracking was 

considered an accurate and detailed reference. The estimation of significant wave height Hm0 

from the down-looking gauges was found to be accurate and unbiased. Whereas the wave period 

Fig. 1. Measured time series between 30 October and 2 November 2020. From top to bottom: wind 

speed, significant wave height Hm0, and wave period Tm01. Red – underwater surface tracking by the 

Nortek Signature, black – down-looking gauges. 
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Tm01 was also quite well resolved during wind speeds exceeding 5 m/s, it was overestimated 

during calm periods. As is known, unlike Hm0, the wave period Tm01 depends not only on the 

zero-order, but also on the first-order moment of the power spectrum, and so, it is sensitive to 

high-frequency noise. The low accuracy during weaker winds is not seen as a major drawback 

when the impact of waves on sediment motion must be characterised, as waves below 2 centi-

metres do not generate significant turbulence near the bed anyway. 

4. OUTLOOK 

The easy deployment and the successful validation of the lightweight down-looking wave 

gauges encourages their application in lake studies. Thanks to their low cost, the gauges can be 

deployed in large numbers in this shallow, fetch-limited environment. The solar panels ensure 

that their operation is autonomous, which helps lower total costs further. As the next step of the 

development, the low-power wide-area LoRa (Long Range) module installed on the gauges to 

provide online communication with the gauges will be tested, with the vision of real-time pro-

cessing and visualisation of the sea state. 
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A b s t r a c t  

Laboratory investigations into the breaching of rockfill dams is an ongoing research at NTNU. 

The current model represents a full dam profile and is a development of earlier models used 

for investigating stability of rockfill dams and ripraps under throughflow and overtopping 

situations. Instrumentation of the model includes pore pressure measurements along the dam 

foundation, water level recording and video recording from multiple angles. Video is used to 

extract images at intervals throughout the breaching process and 3D models of the breach 

opening created using “structure from motion” and “multi view stereo” processing techniques. 

The overall aim is to enhance current knowledge on the breaching of rockfill dams. Modelling 

of the impervious element is a major challenge for the experiments and the process of finding 

an appropriate solution to this is described in the present study along with preliminary results. 

Keywords: dam breach, rockfill dams, structure from motion. 

1. INTRODUCTION 

The current research is based on a continuous series of laboratory tests combined with some 

large-scale field tests and other field investigations starting in 2013. The original focus was on 

the stability of riprap on dams (Hiller et al. 2018, 2019). Further work was done on riprap sta-

bility as well as investigating throughflow in rockfill dams (Ravindra et al. 2019, 2020a,b), and 

how this affects overall stability and how different toe designs affect throughflow and stability 

(Kiplesund et al. 2021). One of the important outcomes of this research has been the description 

of failure mechanisms and quantification of the increased safety provided by dumped and 

placed ripraps as well as how the factor of safety is affected by the throughflow conditions in 

the downstream supporting fill. Present work is focused on breach initiation and development 
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in rockfill dams. To describe breach development beyond the initiation a redesign of the model 

to incorporate a breachable core element rather than a fixed core as in earlier experiments was 

necessary. This work discusses the challenge relating to acceptable modelling of the impervious 

element, i.e. the core, and provides related results from SWOT analysis and pilot experiments. 

Some observations on breach development can also be drawn at this early stage from the com-

pleted tests. 

2. EXPERIMENTAL SETUP 

The rockfill dam model is situated in a 25 m long flume in the hydraulic laboratories at NTNU. 

Figure 1 shows the model setup. The breaching process is recorded with strategically located 

video cameras for creating 3D models using “structure from motion” and “multi view stereo”. 

Additionally, pore pressures along the base, upstream water levels and inflow are recorded. The 

dam body comprises about 5000 kg of well graded rockfill, scaled from observed rock grada-

tions in existing dams. Two main materials have been tested for the core: a tiled extruded foam 

core and a rubber membrane. The experiments are ongoing but currently a total of six pilot tests 

have been carried out. Currently the first test with a riprap protection is about to be performed. 

 

 

   

Fig. 1. Laboratory setup (left) and example of breached dam (right). 

3. ANALYSIS  

There are restrictions on the use of fines in the flume due to a circulation system. Consequently, 

the conditions do not allow for a realistic modelling of a clayey core. Hence, the main goal of 

the presented experiments is to realistically model the breach formation in the rockfill itself. 

Thus, different criteria for a successful test series were defined and included: a realistic phreatic 

line prior to and during the overtopping situation; reasonable effect of the watertight membrane 

on the breaching; and ease of separating the core material from the rockfill remains. A SWOT 

analysis was conducted in the selection process. Furthermore, a work process has been devel-

oped to analyse the breach process using 3D models created by extracting synchronized frames 

from the videos. Through this work many lessons have been learned on optimal camera settings, 

alignment, number of cameras, lighting, etc. 
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4. RESULTS 

The SWOT analysis aided in modelling strategically the watertight membrane. Analysis of data 

and videos from the experiments supported the selected strategy and has proven to be important 

in analysis of the breach process. The main outcome is that the research can continue with the 

rockfill, adding riprap on the dam slopes to further investigate the effect of riprap erosion pro-

tection on the breaching process using the selected instrumentation and tools. 
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A b s t r a c t  

Local scour has been widely identified as one of the primary threats to bridge pier stability. 

To better understand how the turbulent flow field modified by bridge piers interacts with the 

bed surface, it is relevant to assess the flow structures that are potentially sufficient to remove 

the bed material. Thus, the accuracy and measurement quality in estimating the flow field is 

of primordial importance, mainly in a well-controlled laboratory environment. In the present 

study, time-averaged velocities and Reynolds shear stresses were measured by using a high-

resolution acoustic velocimeter. Due to the highly turbulent nature of the flow, an assessment 

of the signal acquisition time’s influence on the statistics of turbulent quantities is performed, 

including the inherent uncertainties regarding the flow field measurement technique. The re-

sults showed that the required sampling time for mean and fluctuation velocities, and the lat-

eral Reynolds shear stress, differ by one order of magnitude. 

Keywords: acquisition time, downlooking vectrino, statistical parameters, velocity measure-

ments. 

1. INTRODUCTION 

The presence of a scour hole at the vicinity of a pier radically alters the turbulent flow field and 

its hydrodynamic characteristics. For instance, the bed shear stress and turbulence quantities 

are strengthened, which induces further sediment transport and scour development at the pier 

vicinity. The increased horseshoe vortex and the turbulent energy indicate that different mech-

anisms trigger the flow field structure when a scour hole is present, requiring further research 

to deepen the understanding of the pier scouring process (Li et al. 2020).  
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The measurement quality of the turbulent flow field around a bridge pier model, using 

a high-resolution acoustic velocimeter (also called vectrino), is strongly influenced by three 

main factors: (i) the signal acquisition time, (ii) the type of seeding particles, and (iii) the align-

ment of the probe. The current work focuses on the assessment of the signal acquisition time 

for measuring the flow field and its influence on the statistics of turbulence characteristics. 

 

2. ACQUISITION TIME INFLUENCE 

Flow and turbulence characteristics at an eroded bed stage around a 0.14 m wide oblong pier at 

the flume mid-plane surface were assessed, with respect to the vectrino signal acquisition time, 

in order to check the time needed to get stable time-averaged values. The local scouring exper-

iment belongs to a campaign composed of six fixed bed experiments performed in a recirculat-

ing tilting flume, located in the National Laboratory of Civil Engineering (LNEC), in Lisbon, 

Portugal (Bento 2021). An acquisition of 30 min with a 4-beam down-looking probe, with 

200 Hz of sampling frequency (totalizing 1800 data samples), in a point situated at an upstream 

distance of 0.09 m from the front edge of the bridge pier (0.20 L and 1.5 W, being L the total 

pier length, perpendicular to the main flow direction, and W the effective pier width), and at 

a distance of 0.223 m from the bed surface, were used for this work. The experiment was per-

formed at steady flow conditions and with the introduction of seeding particles into the flow.  

Measurements were filtered using ExploreV to reject points with a correlation coefficient 

less than 70% and signal-to-noise ratio (SNR) less than 15 dB for ensuring the reliability of 

instantaneous velocity data (Beheshti and Ataie-Ashtiani 2010). The recorded signals were 

characterized by a mean correlation value of 90% and a mean SNR of 22 dB. A sensitivity 

analysis of the sampling time for measuring the time-averaged streamwise velocity and fluctu-

ation (�̅� and 𝑢′̅, respectively), and the lateral Reynolds shear stress (𝑢′𝑣′̅̅ ̅̅ ̅̅ ) was undertaken.  

The time needed for the stabilization of �̅� and 𝑢′̅ was lower than one order of magnitude for 

𝑢′𝑣′̅̅ ̅̅ ̅̅ . After 10 seconds, �̅� indicated a relative difference of less than 2%, when compared with 

the time-average value for 0.5 hours of the down-looking vectrino acquired signal. For 𝑢′̅, a rel-

ative difference of 2% was attained after 88 seconds. The variable that required longer time to 

stabilize was the lateral Reynolds shear stress. For this case, a relative difference of 5% was 

ensured after 297 seconds of acquisition. These values are in line with studies in the literature, 

which acquisition times range from 60 to 300 seconds (Li et al. 2020, among others).  
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