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High-velocity air-water flows are frequently observed at hydraulic structures, e.g., spillways and low-level 
outlets, and they are characterized by a strong interaction between the two phases and by void fractions 
ranging from a few percent to up to 100% at the free surface. Intrusive phase-detection probes represent the 
most widely used instrumentation in hydraulic engineering to measure air-water flow properties, such as void 
fraction, interfacial velocity, and particle chord lengths. Such probes are especially effective for applications 
characterized by high levels of aeration where optical and acoustic techniques would fail. Herein, an 
experimental setup capable of producing air bubbles moving vertically at selected velocities is presented. The 
setup consists of (i) a vertical, acrylic glass pipe with variable water flow rates, (ii) an air-injection system with 
variable air flow rates, and (iii) a stereo-camera setup, comprising a beam splitter and a high-speed camera. 
The beam splitter setup allows simultaneously obtaining perpendicular stereo images of the bubbles, enabling 
three-dimensional information on bubble velocities and shape to be recorded. The bubble properties 
reconstructed from the high-speed images were compared to interfacial velocities and chord times obtained 
from a dual-tip phase-detection conductivity probe. In conclusion, the results from this study help to quantify 
the measurement uncertainty of commonly used air-water flow instrumentation. The details on the three-
dimensional features of the bubbles may also enable to further improve the design of phase-detection probes 
in future studies.
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The governance of dams and reservoirs aims to achieve lasting economic, social, and institutional 
development, promoting a healthy balance between the State, civil society, and the economy. To this end, it 
must consider multiple variables, from environmental factors to social, technical, economic, and good 
governance ones. This article reflects the work carried out in this regard by the experts of the Technical 
Committee on Water Resources Planning and Management.
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A pile-group layout parameters have significant effects on the flow around the structure. In this study, flow 
resistance and velocity reduction were studied around various pile-groups. The number of piles was changed 
in longitudinal direction of a pile-group, while it was kept constant in lateral direction. Additionally, two 
arrangement of piles, namely in-line and staggered, were considered for each case. The main purpose was 
identifying a relation between the velocity reduction rate behind the pile-group and the drag force exerted 
by the structure. Flow was recorded using the particle image velocimetry, PIV, method. An increase of the 
number of piles resulted in a decrease of the velocity behind both the in-line and staggered pile-groups. Flow 
resistance was expressed in terms of the pile-group drag force using the momentum equation. The drag force 
exerted by the pile-group controlled the velocity reduction behind the structure. The velocity in the pile-group 
region decreased almost linearly with an increase of the drag force. From the velocity reduction trend in the 
in-line and staggered pile-arrangements, it was revealed that the velocity reduction caused by a pile-group 
was determined by the drag force of the pile-group in spite of the different pile arrangements. Additionally, 
the flow deceleration pattern shows significant difference between the in-line and staggered arrangements. 
A gradual flow deceleration pattern was reached by increasing the number of piles in the staggered cases. 
However, it was non-smooth in all the in-line cases.
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Currently in the USA most low head dams are not inventoried, unregulated and without safety signage. Some 
of these structures present a public safety hazard, with an average of 5-6 drownings per month occurring 
from recreationalists being entrapped in the reverse roller that can form at the toe of the structure.  In an 
effort to improve public safety, a national joint task force was recently formed between the American Society 
of Civil Engineers, The United States Society on Dams and Levees, and the Association of State Dam Safety 
Officials.  Though crowdsourcing and partnerships with private, civic, university, and professional 
organizations a volunteer effort is underway to inventory all low head dams throughout the entire USA.  
Herein is presented an overview of the danger, this task committee’s efforts, and an identification technique 
using aerial imagery, deep learning, and ArcGIS Pro so that computers can scan river corridors and identify 
these drowning machines, thus populating the national inventory.  Results of this study show that leveraging 
artificial intelligence technology is a viable and accurate approach to low head dam identification, but 
algorithm training is dependent upon image resolution, vegetation, and topography.
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The hydropower plant Handeck 1 was built between 1928 and 1930 as the first plant of a complex hydropower 
scheme owned by the Kraftwerke Oberhasli Ltd. (KWO) in the Bernese Alps of Switzerland. The 90 years old 
steel lined penstock connects the Gelmer Reservoir to the Handeck 1 power house. It is divided into two 
underground parts, a steep section with an inclination of 35° followed by a horizontal section leading to the 
turbines. At that time, the penstock was built with the available steel quality by welding prefabricated drawn 
steel plates on site. Several problems like cracks, leakages and deformations were reported along the 
horizontal section and at two bends since the plant operation started, which led to three major engineering 
works in the late 1940s, in the 1990s and recently in 2020.  
 
The inspection of the penstock was carried out in 2019 with visual inspection of the corrosion protection, 
non-destructive testing at known problem areas and destructive material tests on steel, cast iron and 
concrete. Furthermore, a static analysis was carried out. The result of the inspection work led to the discovery 
of unreliable cracks on the outside bend connecting the horizontal section to the valve chamber. The required 
structural safety of that part was not fulfilled. In 2020 immediate measures were carried out: the 
reinforcement of the bend and emergency measures in the power house. The reinforcement of the bend 
consisted in winding 45 prestressed multi-strand tendons around the penstock and embedding them in a 
reinforced concrete structure to ensure the force transmission between the penstock and the prestressed 
tendons. The reinforced structure should relieve the steel liner by absorbing the internal pressure. Moreover, 
the hydropower plant Handeck 1 has been equipped with a system of spillway channels for emergency cases. 
These temporary measures combined with additional monitoring should allow a safe and reliable operation 
of the hydropower plant until long-term solutions for the penstock are implemented.  
 
Serious inspection work and the implementation of appropriate measures are the key components to 
optimize the management of old steel lined penstocks. The inspection has shown that the technical lifetime 
of the entire Gelmer penstock is reached. The implemented measures can ensure a high security level, while 
guaranteeing the operation of the hydropower plant for a few more years. In 2020, KWO undertook a 
preliminary study to assess the replacement possibilities of the penstock. Many alternatives were studied and 
the replacement of the penstock with a new inliner ended up being the best solution from an economical 
point of view. 
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Since 2018, Dam Inspection, Surveillance and Safety (IVSP by its Spanish acronym) has been performing a 
series of contracts to gain knowledge and improve safety of dams located in the intracommunity basins of 
Andalusia. First step was collecting and deep analysing historical documentation of all dams. Simultaneously, 
hydrological studies were made, splitting them into single studies. After that, a multidisciplinary team drafted 
specific security reviews for each dam, detecting deficiencies and proposing solutions to improve safety in 
these infrastructures. Other criteria considered was the change of the legal framework: Technical Safety 
Standards for Dams and Reservoirs (NTS by its Spanish acronym) were published on April 14th, 2021. This 
release changes, among other major updates, many definitions and the return periods to be considered for 
the calculation of structural loads and to determine critical hydrological scenarios. Resulting actions included 
updating the management and safety plans of the dam and carrying out certain Prevention and Management 
of Catastrophes Projects. All these works were complemented by numerous technical reports, solving other 
specific technical issues. Many dams have required a decrease in the normal operation level to ensure a 
suitable flood management, which has implied an impact on the available resource. Safety conditions for all 
dams located in intracommunity basins of Andalusia have been assessed and optimized by several actions. 
However, further studies and dedicated projects are still required to restore the baseline storage volume 
without decreasing the current safety level of the infrastructures.
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The Guístolas dam is a straight gravity dam with a height of 32 m on foundations, which forms part of the 
hydroelectric dam of the river Navea and specifically of the Guístolas-Pontenovo system, in the province of 
Ourense (Spain). 
Construction work on the dam was carried out between 1947 and 1952. The typical cross-section is gravity, 
with a vertical face upstream and an inclined face with a 0.8/1 slope downstream. The body of the dam was 
built with concreted masonry, with the downstream face made of faced masonry and a conventional concrete 
front screen on the upstream face. The spillway is located in the central area of the dam, has two 10 m long 
separated by a 3.5 m basin and is regulated by two 7 m high Stoney type gates. 
Throughout the dam's operation, in some episodes of discharges there has been damage caused by the 
detachment of the masonry of the discharge channel, which can be counted on four occasions over the last 
two decades. 
In view of the geometry of the spillway, it can be seen that its profile does not exactly follow the theoretical 
slope (0.8/1), but that the central part of the spans are somewhat sunken. This could have given rise to suction 
which, together with the action of filtration and ice, could have caused some of the stones with the worst grip 
to detach, and once the damage had been created, the strong turbulence generated during a spill caused the 
successive pulling out of the adjoining masonry, increasing the damage. 
According to the existing records, it can be seen that damage has occurred in those events in which the flows 
drained by the spillway have exceeded 100 m3/s. In the last episode that occurred at the end of 2019 the 
peak flows discharged exceeded 170 m3/s and significant areas were damaged in both spillway spans with an 
estimated loss of material that almost reached 50 m3. 
For this reason, it was decided to carry out an integral rehabilitation of the spillway, mainly involving the 
following activities: waterproofing of the upstream face of the dam, injection of the body of the dam in the 
spillway area and adjacent area on the left bank, demolition of the covering of the spillway discharge channel, 
construction of a reinforced concrete slab sewn by bolts to the body of the dam and with a drainage system 
at the base. 
Iberdrola's technicians were directly involved in the project, initially discussing the technical issues raised by 
the designer and during the execution of the works with the contractor, according to their own technical 
criteria 
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The São Paulo State Water and Electric Energy Department – DAEE was created as a state autarchy by Law 
nº. 1350 on December 12, 1951,  and since the time of its constitution it had a very diversified field of 
activities. However, its fundamental scope was the management of multiple use of water resources in the 
State of São Paulo, which placed it as a regional development body in view of the close link that water use 
has with the theme. 
In its broad spectrum of creation, the Department of Water and Electric Energy was assigned the task of 
planning the use of water resources and land that would benefit from the execution of hydraulic works, as 
well as the safety inspection of dams in the São Paulo State (legal attribution, conferred by Item I, Article 5, 
of Federal Law nº. 12.334 of September 20, 2010, amended by Law nº. 14,066 of September 30, 2020). The 
law establishes the National Dam Safety Policy and creates the National Information System on Dam Safety. 
The DAEE is responsible for inspecting dams intended for the accumulation of water for any uses, except for 
hydroelectric purposes, located in water courses under the domain of the State. 
In this sense, the DAEE has been working on two distinct and complementary work fronts: inspection and risk 
classification of dams in the State, which is supervised by the Technological Center for Hydraulics (CTH), and 
the other, carrying out interventions for recovery of the operational safety conditions of busbars considered 
to be of public interest, which has been developed by the Engineering Management (GEN), from DAEE´s 
Engineering and Works Directorate (DEO). 
The present work aims to report the main recovery interventions carried out in dams already carried out, 
presenting the evaluation methodologies used, as well as the technological solutions developed and the 
results obtained in interventions developed by GEN. The history, case studies and proposed and ongoing 
interventions are presented for the Grande Lago dams, in the municipality of Lindoia; the Cotrins public supply 
dam, in the municipality of Artur Nogueira; the Lagoa Rica Farm, in the municipality of Iaras; and the dams 
Nossa Prainha and Lago do Holandes in the municipality of Holambra.
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Hundreds of miles of Hydropower tunnels have been excavated in Sweden the last four decades. They are of 
utmost importance to the hydropower industry, yet they are frequently subjected to rock falls or worse 
(Bråtveit, et. al., 2016), in addition, information regarding the flow situation inside the tunnels are scarce. 
Simulations within Gävunda water tunnel has shown a strong correlation between changes in cross-sectional 
area and pressure (Andersson, et. al., 2019). Thus, conclusions about the cross-section can be deduced from 
measuring the pressure inside water tunnels. These results have also been experimentally validated (Aberle, 
et. al., 2020). However, measuring inside water tunnels is an arduous process, inaccessibility and a generally 
inhospitable environment makes use of expensive ROV’s not preferable. In this project the design of an 
autonomous probe, which will sample the pressure inside the tunnel, has been evaluated. The probe will be 
small, easy to use and cheap in order to be easily replaced in case it is lost or destroyed during operation. 
Inside the tunnel the sensor will move laterally due to local flow disturbances, these movements will 
introduce noise in the pressure measurements. In order to account for this noise the probe has been equipped 
with an BNO055 Inertial Measurement Unit (IMU). The IMU allows for 9-degrees of freedom measurement 
of acceleration, containing an accelerometer, a gyroscope and a magnetometer. Using the IMU, the pressure 
variations due to movement can be separated from the pressure variations due to the change in cross-section. 
This allows for continous monitoring of the tunnel cross section during operation.
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Laboratory experiments were conducted to investigate the erosion phenomenon downstream culverts. Two 
circular (6 cm) diameter pipes were distributed equally along cross section of (50 cm) rectangular channel to 
represent the culverts. Five different discharges (2.2, 3.0, 3.75, 4.6,5.5) l/s were released in three sizes of 
aggregate of diameters (0.325, 0.450 & 0.750) cm downstream bed. 
The study includes the measurement of maximum erosion depth and length of erosion hole downstream the 
two culverts. In addition, the shape of erosion hole had studied too.  
 The results show that the discharge increases the erosion depth and hole length. Moreover, mean 
diameter of bed material increases the erosion hole decrease. As noted, overlap, hole erosion formed nape 
of the gates with the increase in discharge. Two empirical equations were obtained: one for the estimation 
of relative erosion depth and the second for the estimation of the relative length of erosion hole.
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Culverts are hydraulic structures comprising closed conduits used to control the water flow under a plethora 
of circumstances, among which their application to cross-drainage engineering is the most common. 
However, culverts are also common in agricultural settings such as rice irrigation schemes. Enhancing water 
resources management involving culverts is, hence, key to improve water usage worldwide. To that purpose, 
a thorough assessment of the hydraulic performance of culverts is a requisite. The study of culvert flow is 
rather complex as depends on boundary and geometrical conditions, whose combination leads to a plethora 
of flow solutions regardless its cross-sectional shape, among which the steady solutions are ordinarily studied 
upon design. As for their assessment, the inlet-outlet control-based classification has been traditionally used. 
In this classification, the location of the control section determines the type of control: inlet and outlet control 
when the control section is at the upstream or downstream end of the hydraulic structure, respectively. Based 
on this classification, design guides have proposed different grouping of steady flow states such as those by 
the United States Geological Survey (USGS) service and the Federal Highway Administration (FHWA). 
However, culverts with inlet control elements, such as sluice gates, are popular in both cross-sectional 
drainage and irrigation systems. The inclusion of the upstream control gate in culverts increases the number 
of steady flow solutions expected, to which the scarce models available on gated culverts fall short to 
approximate all likely solutions. In addition, the lack of a substantial data base of both field and laboratory 
data on flow through gated culverts limits the assessment of the hydraulic features as well as model 
validation. This study provides a comprehensive classification of steady flow states and a laboratory data set 
on flow through gated circular culverts. The data set revealed important flow features and modelling 
requirements that this communication will discuss based on an integrated, case-independent hydraulic model 
proposal. 
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The Pont del Petroli pier is a structure located in Badalona, north of Barcelona (Spain). It was built in the 60s 
to allow mooring of petroleum tankers and currently it represents a historical and social asset of the Catalan 
coastline. In January 2020 the so-called winter storm “Gloria” struck the Mediterranean coast of Spain and 
France. The combination of extreme wave conditions (recorded significant wave heights in excess of 8.5 m), 
wind velocities (up to 100 km/h) and the long event duration (the storm peak lasted nearly two days), caused 
flooding events, casualties and severe damages to infrastructures. Among these, the front platform and the 
most seaward footbridge beam of the Pont del Petroli were heavily damaged. Due to the lack of specific 
measurements of local sea conditions, estimates of maximum wave heights between 8 and 9 meters were 
made possible only by photos and videos. 
A composite-modelling approach is proposed herein to reproduce the specific conditions that led to the 
failure of the pier. The main goal of the work is to reconstruct the specific scenarios caused by storm Gloria 
and to provide information on the ultimate resistance of the pier structural elements. The DualSPHysics code 
has been employed for the characterization of the loads exerted on each pier element by extreme wave 
conditions representative of storm Gloria. The DualSPHysics numerical model is one of the most advanced 
among CFD models based on the meshless Smoothed Particle Hydrodynamics method (SPH), and is conceived 
and developed for real engineering applications. The influence of different bathymetric profiles and local 
water depths on the impact loads has been analyzed. Data from bathymetric surveys carried out before and 
after the storm has been used. The surveys showed a radical change in the bottom bathymetry at the toe of 
the structure, with sand accretion and reduction of water depth from 10m to 8m, approximately. This heavy 
change is expected to affect the wave transformation and breaking right before the structure quite 
significantly.   
Results from our numerical model have been employed for a proper setup and design of the next 
experimental campaign, carried out in the large-scale wave flume facility CIEM at UPC in Barcelona. The 
experimental campaign is currently ongoing and will provide several new insights on the forces and pressure 
acting on the pier during storm Gloria. The results will then be employed for the upgrade of the Pont del 
Petroli pier. At the conference, the main results from both numerical and experimental modelling will be 
presented for the first time. Furthermore, an extensive description of the damage to the real structure and 
the possible source of it will be provided.
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In addition to environmental degradation, several problems can result from irregular dumping of debris into 
rivers in urban areas. In the case of small dams and hydroelectric plants, the main problems are related to 
turbine damage and blockage of the inlet region. Both issues result in material losses and reduced energy 
generation, due to interruptions of the plant’s activities for maintenances. The Edgard de Souza Dam, located 
at the Tietê River, the most polluted river in Brazil, receives a large number of urban wastes and vegetation 
from São Paulo and surrounding cities that clog inlet regions and hinder the operations of nearby 
hydroelectric plants. To minimize these issues, automated debris collection systems that retain, store, and 
transport wastes are employed. They consist of floating barriers, a debris collector hull, a transporting 
mechanism, a storage container, and an apparatus to remove the wastes from the floating system.  This article 
presents an innovative automatic system to collect solid debris from the Tietê River. This system consists of a 
trash boom, along with a collecting hull with a metallic belt for debris transportation, containers to store the 
debris, and a crane located in the river bank. The trash boom, in conjunction with the local flow regime, 
redirects the debris to the metallic belt, which transports them to a container. Once filled, a crane located in 
the river bank removes the containers. In order to determine the system’s design, bathymetric data, the flow 
and variation of the river level, the geological-geotechnical characteristics, and the modeling of the river’s 
velocity field were necessary. Based on the geological-geotechnical characteristics of the site and the data 
obtained from the hydrological analysis, the CFD and mooring loads simulations, the bathymetrical and 
velocimetry tests, and the amount of waste dumped, the debris removal system was developed as an R&D 
project by the Institute for Technological Research. The use of this retention system facilitates subsequent 
maintenance work at plants and dams, and helps increasing the energy generation from small hydroelectric 
plants.
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A Field investigation was studied the differential and unusual movements of the construction joints for Al-
Shamiya barrage structure located in the south of Iraq. Based on the field observations, three cases 
considered to identify the causes of barrage problem; vibrations, sedimentation and river meandering 
phenomena. The systematic procedure was followed to analysis and obtain the collected data of all cases. 
Special vibration device (VIBRATION METER VT:8204) used to test and records the data in different locations 
of the barrage body. The limitations of the vibration values for Al-Shamiya barrage were recorded between 
(0.6-0.65) mm/s. The suspended sediment load was calculated in the upstream of Al-Shamiya barrage using 
the Acoustic Doppler Current Profile device. The data collected within the selected period are analysed and 
calculated the total load of about 2200 tons of sediment resting on the U/S barrage bays. The obtained results 
compared with the barrage design data (safety limitations) to suggest sound recommendations to solve such 
a problem.
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The raw water network system of Athens (Greece) is a complex infrastructure comprising around 500 km of 
aqueducts, conveying water from four reservoirs to four water treatment plants, while serving several other 
local users. In this work, we focus on the most important part of this system, namely the open-channel 
aqueduct of Mornos. This extends over 200 km and has a dual operation, namely water conveyance and flow 
regulation through temporary storage along the channel. This is achieved by a series of Λ-type structures, 
each one comprising sluice gates for flow control and a lateral ogee spillway. Currently, the regulation across 
the channel is performed through empirical rules, and according to target volumes requested by the 
operators of the downstream water treatment plants, on a daily basis. However, this management policy, 
which is strongly based on expert’s knowledge, is neither sustainable nor safe, from a resilience perspective. 
Furthermore, the system is subject to occasional failures, due to undesirable overflows resulting to non-
negligible water losses. In order to establish an optimal control policy, we developed an operational tool for 
the real-time scheduling of the sluice gate settings. Core of the tool is a conceptual model that incorporates 
the following assumptions: a) the operation of a Λ-type structure does not affect the operation of the other 
relevant structures; b) the Λ-type structure has two flow components, namely through the sluice gate and 
over the lateral spillway, which can be described by theoretical and semi-empirical hydraulic formulas, 
considering as unknown parameters the discharge coefficients of all sluice gates. On the other hand, the 
known model inputs are the geometrical characteristics of Λ-type structures and the real-time data for 
discharge, water level and gate opening, which are obtained from the telemetric monitoring system of the 
channel. In this respect, the key challenge is the determination of the discharge coefficients. This is employed 
through a grey-box approach, in which the model parameters are calibrated in continuous mode, using real-
time data. To check the plausibility of the discharge coefficients, as derived by the real-time calibration phase, 
a comparison is made with the corresponding coefficients derived by historical data (off-line calibration). The 
tool, along with other analytics and algorithms developed, has been seamlessly integrated with the existing 
legacy system (e.g., SCADA, databases) of the system’s operator (Athens Water Supply and Sewerage 
Company - EYDAP), using the FIWARE standardization protocol.    
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Hydraulics studies in physical models of stepped spillways developed by different researchers in the last 
decades were important to enable its use in hydraulic works. Most of experimental results of stepped 
spillways were obtained considering steps configured with sharp edge, however, some examples have shown 
that the practice can be a little different in prototypes. As a contribution, an experimental study was carried 
out using a 1:12 scale physical model of a stepped spillway considering steps edges with chamfers 4 cm side 
(prototype dimensions). A typical chute slope of 1V:0.75H and steps with nominal heights of 0.90 m and 1.80 
m (prototype dimensions) were studied. Onset of aeration, depths, pressure and residual energy of the flow 
were registered. Formulations and analytical procedures proposed based on results obtained in chutes with 
conventional steps were used to compare to the results obtained with chamfered steps. The gradual aeration 
of the flow along the chute led to define a classification with different characteristics: from intermittent 
aeration of the steps to total aeration of the flow along the depth. Estimates from empirical formulations 
resulted close to the records classified by the continuous aeration of the steps. Depths calculated from an 
analytical method were close to those recorded in the non-aerated section along the central axis of the 
stepped chute. Flow profiles recorded along the side of the physical model enabled to compare the effect of 
using steps with nominal heights of 0.9 m and 1.8 m. Simulations carried out under the transition regime in 
the chute with 1.8 m high steps led to significant aerated depths. The residual energy was determined by 
calculating the supercritical conjugate depth of the hydraulic jump positioned at the base of the spillway. The 
dissipation of energy along the chute with 1.8 m high steps was slightly higher than that recorded with 0.9 m 
high steps. Instantaneous pressures along the axis and detailed mean pressure fields along the side of the 
stepped chute were measured. Low pressure values were recorded in the step chamfer region. The 
frequencies of occurrence of instantaneous pressures less than - 9 m.c.a. (prototype dimensions) in the 
chamfer region with the simulation of the specific flow of 34 m³/(s.m) resulted higher than 1,0 % in the chute 
with 1.8 m high steps.
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The design or risk assessment of hydraulic structures is in general a complex problem involving several 
processes and variables. (i) The probability of occurrence of the hydrological load to the system (Exposure), 
(ii) the intermediate processes and elements (e.g. hydrological-hydraulic load/structure interaction) that 
modify the exposures (Resistance), and (iii) the vulnerability of the considered area (Robustness), are the 
main descriptors of the problem at hand. The damage is the random variable that takes into account all the 
previous mechanisms, and represents the ultimate quantity that guides the design of a new structure or the 
assessment of an existing one. The complexity of the evaluation of the probability distribution of the damage 
is mainly linked to the number of random variables describing the hydrological load (e.g. peak and volume of 
the flood), and to the number of geometric parameters of the structure at hand. In this work we provide a 
general framework for hydraulic structure design (or risk assessment) using a structure-based risk approach, 
that combine the multivariate statistical representation of the hydrological process of interest and the 
hydraulic response of the structure to the environmental load. The framework allows to distinguish the 
statistical behavior of the failure mechanism form the one of the hydrological load (that are assumed equal 
in the traditional event-based approach) and it remarkably reduce the potential complexity of the whole 
system to the univariate statistical distribution of the damage, and then of the risk, i.e. its expected value. 
The framework is exemplified for an offline detention basin for flood mitigation, assuming a bivariate 
hydrological load acting on the system and several geometric parameters describing the structure. Moreover, 
the approach is applied adopting both a simplified analytical model and a Monte Carlo procedure. Results 
demonstrate the potential of the framework for the design and risk assessment of hydraulic structures 
reducing the general complexity of a multivariate problem. Moreover, the application of the approach for an 
offline detention basin provide a clear indication about the roles of the parameters involved. 
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The investigation of the safety conditions of large hydraulic infrastructures such as dams is of great interest 
for safeguarding territories and assessing their risk level. This is especially true due to the occurrence of 
extreme events caused by climatic change, which motivates the reaudit of hydrological basins for various 
purposes, such as to verify the suitability of the spillways and outlets of existing dams to withstand any 
increase in the design flow. Issues related to the design and verification of infrastructures interacting with 
fluids in motion may be tackled numerically with Computational Fluid Dynamics (CFD) and experimentally 
with physical models. The remarkable technological advances of the last decades have made it possible to 
develop increasingly refined numerical models, allowing the study of the temporal evolution of the fluid with 
a spatial resolution which can be very high. Nevertheless, physical modeling still represents a mandatory tool 
for verifying and calibrating the results provided by numerical models. This paper describes the 1:60 Froude 
scaled numerical model of the Liscione (Guardialfiera, Molise, Italy) dam spillway and the downstream stilling 
basin. The k-ω SST turbulence model was chosen for closing the Reynolds Averaged Navier-Stokes equations 
(RANS), since in simulations involving similar geometries, it has shown a remarkable robustness and reliability. 
The Autocad software was used to construct the geometry of the computation domain whereas the 
simulations were performed with the ANSYS Fluent software. The discretization of the domain was performed 
via the software supported by Fluent and provided by ANSYS (Fluent Meshing), which guarantees the 
generation of a simply connected domain (Watertight Geometry). Experimental data have been gathered 
from the 1:60 scale physical model of the Liscione dam spillways and the downstream riverbed of the Biferno 
river built at the Laboratory of Hydraulic and Maritime Constructions of Sapienza University of Rome. The 
model is scaled according to the Froude number and fully-developed turbulent flow conditions have been 
reproduced at the model scale (Re > 10,000). From the analysis of the results of both the physical and the 
numerical models it is certainly clear how the dissipation tank is undersized and therefore insufficient to 
manage the energy content of the current output to the river. Therefore, the flow is introduced into the 
riverbed with a high energy content, which impacts on an erodible bottom.
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Although, the principle of settling has been known for a very long time, it becomes very complex in the case 
of sedimentation of more or less flocculated particles, due to the change in the initial physical properties of 
the particles (shape, diameter and density). 
A hydrodynamic model of a new settling basin is developed on a reduced model where length is 1.7 m , 0.6 
m in width and 0.3 m in theoretical settling height. 
A comparison of the water flow velocities within the structure with the measurements simulated by the Ansys 
Fluent computer code is carried out, with several construction features in order to improve its hydraulic and 
hydrodynamic performance. 
A better distribution of velocities is obtained by the device called 3 axes. 
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3D printing represents a fast-growing industry in numerous scientific disciplines; e.g. mechanical or civil 
engineering. For hydraulic engineering investigations in hydraulic laboratories, the experimental model 
fabrication represents a key element and can be majorly improved through the use of 3D printers. 3D printing 
guarantees an accurate and time-effective geometry fabrication and produces comparable results as classical 
models, made of Plexiglas or other common materials. The current investigation focused on model 
preparation time and hydraulic performance of scaled ogee weir models. Model costs and production times 
were improved through the use of 3D printing compared to a conventional weir model. All models were tested 
in a rectangular, 15 m long and 0.3 m wide flume for a discharge range of 1 l/s up to 30 l/s. Discharge 
coefficients and resulting rating curves were obtained from experimental data. 3D printed models with 
varying layer properties show similar hydraulic performance than the conventional model and resulting 
discharge coefficients are in good agreement within a 3 % relative error bound. Moreover, the results of this 
study explored the opportunities of utilizing 3D-printing technology in hydraulic laboratories in which good 
data quality can still be achieved while minimizing the cost and overall preparation time for physical models.
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Hydro-Quebec’s Robert-Bourassa hydroelectric facility is part of the La Grande Rivière hydroelectric complex 
which generates all together 17,445 MW. It is located on La Grande river in the north of Quebec, Canada. The 
hydropower facility is comprised of a reservoir, a main dam, 29 dikes, a spillway and two hydroelectric power 
stations. The Robert-Bourassa (5,616 MW) and La Grande-2-A (2,106 MW) power plants. 
The design of the spillway was completed on a 1: 100 scale physical model in 1975. The spillway consists of a 
concrete control structure and a man-made waterfall discharging into a stilling basin below the dam. It has 
eight bays of 12.19 m wide with parabolic-shaped rollways and four heated gates. The discharge capacity is 
16,500 m³/s under normal operating conditions. Having passed through the gates, the kinetic energy of the 
water is dissipated in a 135 by 122 metres basin at the foot of the spillway. It then flows down a 1,500 m long 
rock channel with a vertical drop of 110 m on its way back into the La Grande river. The channel has 10 steps 
ranging from 9.1 to 12.2 metres in height and 127 to 200 metres in length. 
Between 1979 and 1981 the spillway was continuously on service, after that period, damages in the basin 
were observed. It was concluded that the improper operation of the gates resulted in high turbulence in the 
basin that triggered an erosion process. In 1983, discharge tests on the prototype were carried out to establish 
an optimal operating mode for the spillway gates. The tests showed that the simultaneous operation of all 
the eight gates has beneficial effects on the phenomena of turbulence, erosion and plucking in the stilling 
basin. 
Recently, studies on the anticipated effects of climate change indicate a trend towards an increase in annual 
flows within the hydrographic basin of La Grande river. The latter increases the probability of carrying out 
spills during winter. However, only 4 heated gates are available during the winter period. 
In this context, a hydraulic study was necessary to understand the uncertainties related to the behaviour of 
the stilling basing for the spillway operation with a combination of less than 8 gates without compromising 
the integrity of the basin. The purpose of this paper is to describe the simulations that were conducted using 
computational fluid dynamics (CFD) model on the stilling basin for different operating conditions. The model 
shows complex flow patterns for unexpected operational situations at the spillway design. 
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Using riprap stone aprons around the base of a bridge abutment is one of the most common ways to ensure 
abutments will not fail due to severe erosion. The riprap size of the stones forming the apron should be large 
enough to avoid dislocation, in particular, via shear failure. Most design formulas for minimum riprap stone 
size at aprons used to protect abutments against erosion give the value of the critical Froude number, Fr, as 
a function of the ratio between the mean diameter of the riprap stone, D₅₀, and the local flow depth, ym. 
These formulas are obtained using data sets collected in laboratory studies conducted with abutments placed 
in straight channels. Severe erosion problems were observed at some riprap aprons designed based on these 
formulas. One possible reason is that such formulas do not account for cases where bank curvature effects 
are significant and, as a result, the maximum bed shear stress increases at the outer-bank abutment 
compared to the case the same abutment is placed in a straight channel. To account for such effects, the 
critical Froude number should also be a function of the ratio between the radius of curvature of the channel 
and the width of the channel, R/W. 
The present research describes a methodology based on fully, three-dimensional numerical simulations to 
improve the performance and range of applicability of riprap size design formulas used for erosion protection 
at wing-wall and spill-through abutments. In this method, the bed shear stress distributions are obtained from 
RANS simulations conducted in straight and curved open channels containing identical abutments at their 
two banks. The formula of Melville and Coleman (2000) is used to determine the shear-failure entrainment 
threshold for riprap stone of a certain size. For each channel configuration and abutment type, a series of 
simulations is performed to determine the critical Froude number corresponding to the shear-failure 
entrainment threshold when the maximum bed shear stress over the riprap apron will be equal to the 
threshold value for shear failure. 
 
Using the data sets generated using these series of numerical simulations, two parameter design formulas for 
riprap size selection at wing-wall and spill-through abutments are proposed. The new design formulas retain 
the same functional relationship as that of commonly used design formulas (e.g., Pagan-Ortiz, 1991; Lagasse 
et al., 2001), in which the nondimensional riprap diameter is a function of the critical Froude number 
(D₅₀/ym=C^α/2*Fr^α). In the new formulas, the model parameters, C and α, rather than being constants are 
a function of the main nondimensional geometrical parameters, including the nondimensional radius of 
curvature, R/W. Results show that α is not a function of R/W while C increases monotonically with decreasing 
R/W. 
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The Library of the French Academy of Sciences, Paris, includes a hand-written correspondence between two 
of the masters of engineering and physical sciences of the 19th century, namely Adhémar Jean-Claude Barré 
de Saint-Venant (dSV, 1797-1886) and Joseph Valentin Boussinesq (JB, 1842-1929). Some 600 letters were 
written between 1868 and 1885. Given the scientific advances made during these days that were initiated by 
the two masters, and the development of a certain topic until final publication, the present authors 
considered it appropriate to deal with the contents of the letters in selected papers. Three papers were 
published in the Comptes Rendus Mécanique of the Academy of Sciences, and another three papers are under 
preparation. The purpose of this paper is to allow interested readers for a closer look at the written exchange 
between dSV and JB. 
Based on a short paper written by JB in 1868, dSV contacted him by letter in which certain clarifications were 
addressed. This marked the origin of a personal, friendly relation between two outstanding scientists of the 
19th century in the field of free surface hydraulics. dSV was then president of the Mechanics Section of the 
Academy, controlling to a large extent its publications. He could have been the grand-father of the young JB. 
The latter then was a College teacher at Gap in the French Savoy, trying to obtain a better professional 
position. JB, a self-taught person, has worked on all fields of physics except for electro-dynamics, whereas 
dSV was the master of mechanics, particularly in the theory of elasticity. Aged by then 70 years, he felt that 
JB could be for him an excellent colleague, who could help him in the solution of scientific problems. In turn, 
JB realized that dSV could be the optimum person for him to expand studies to engineering problems and 
that he could provide him a better professional position. Accordingly, both scientists took a deep interest into 
each other and developed a friendship lasting up to the death of dSV. Note here that JB was elected Member 
of the Academy of Sciences ten days after dSV’s passing, an event for which the two had worked over years 
to finally succeed. The topics dealt with in the Correspondence do not only include applied mathematics and 
theoretical physics, or hydromechanics and the elasticity theory, but also issues relating to religion and ethics, 
aspects of the two families associated with visits of JB to the home of dSV. Many of these so far hardly touched 
aspects are considered in this communication for the IAHR World Congress 2021 in Granada. 
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Channelized rivers are characterized by straight homogeneous fast flowing flow. The ecological value is poor, 
particularly during flood stages, when the riverine inhabitants are flushed downstream by the strong hydraulic 
conditions. This research aims to demonstrate how the introduction of alternative gravel mount on the 
riverbed could improve the flow heterogeneity, as well as generate refuge areas that may protect such 
inhabitants during floods. Data are collected inside a 0.8m wide experimental channel where a 5.4m long 
physical model is constructed to simulate gravel bed conditions (d50=1.65cm). For each conducted 
experiment, 7 gravel mounts are inserted every L=1.60m on alternative sides of the channel either using the 
same gravel as the bed or larger boulders stacked together (D50=6.28cm). The length of each gravel mount 
is kept constant at 0.6cm, while the height hgm is changed depending on the experiment. Discharge is 
Q=0.0588m3/s, while two different channel’s slopes are analyzed: I=0.01 (i.e. 1%) and I=0.002 (i.e. 0.2%). 
Gravel bed and water surface elevations are collected using a point gauge, while the horizontal and lateral 
velocity components are measured using an electrical-magnetic currentmeter. The definition of refuge area 
follows previous research on the preferred swim conditions of small-sized fishes. Two thresholds are here 
considered: mean velocity 10 cm/s and standard deviation of the velocity 7 cm/s (both defined as maximal 
acceptable limits). Focus is put on the ratio between the refuge areas’ volume Vref and the gravel mounts’ 
volume Vgm. The installation of gravel mounts with finer diameter (d50) causes the flow to meander 
significantly and the water surface to rise with strong waves forming in the centre of the experimental 
channel. The application of stacked boulders (D50) generally fails to deflect the main flow and the mean water 
surface is slightly higher than the previously described mount morphology, although the water surface is less 
wavy and more uniform across the channel’s cross section. For each experiment, the stability of the flow is 
confirmed with a fast Fourier transform on both measured velocity components. Suitable conditions for the 
definition of refuge areas are mostly found behind each mount close to the channel’s sides. The size of the 
refuge volume Vref appear to be much more dependent to the mounts’ height hgm than the channel’s slope 
steepness. The relationship between hgm and Vref is not linear, but a curve with the optimal relative volume 
Vgm/Vref found at hgm/L=0.03. For same mounts' height hgm, the mount volume Vgm is significantly larger 
when using finer corns d50. The same result is obtained confronting the refuge volumes Vref.  Consequently, 
similar relative volumes Vgm/Vref=0.17..0.2 are found for both studied mounts morphology d50 (gravel 
mounts) and D50 (stacked boulders). 
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Knowing the impact force of a waterfall helps us to understand the processes of scouring at the foot of the 
fall. Energy at the foot is usually estimated according to Bernoulli’s theorem. However, Castillo et al. (2014), 
followed by Bercovitz et al. (2016), observed energy dissipation within the jet. Ervine et al. (1997) and Castillo 
et al. (2006) considered the dissipation to be related to jet length exceeding break-up length, but Bercovitz et 
al. (2016) observed no jet break-up. 
Using a test waterfall, about 10 m high and caused by overflow on a thin crest weir about 1 m long, we 
confirme the observations reported by Bercovitz et al. (2016). The present study focuses on a flowrate of 200 
l/s, with 2 types of measurement. Firstly, the jet was filmed over a fall of about 9 m, at an acquisition rate of 
1,000 fps, confirming the absence of any jet break-up despite an unstable interface liable to disperse the jet. 
Secondly, and more importantly, we measured the vertical component of velocity, along the waterfall and 
within the thickness of the jet, using the Laser Doppler Velocimetry (LDV) technique. We confirmed a 
dissipative process within the jet, but to a lesser degree. Before presenting results for the vertical distribution 
of mean velocity, we focus on the method of measurement data-processing.  
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Large wood (LW) can be transported in rivers during both small and large floods. To manage LW transport in 
Alpine rivers, racks have been installed to retain LW upstream of settlements or infrastructures. Such racks 
are commonly designed to span the river and consist of vertical poles. Due to this setup, they effectively retain 
LW, however, they also inhibit bedload transport and may disrupt bedload continuity. Therefore, novel rack 
designs are needed that retain LW, while enabling bedload transport. Flume experiments were conducted to 
study LW retention and bedload transport for different inclined racks to the horizontal without and with 
bottom clearance, various initial flow and bedload transport conditions, and LW volumes. Given an inclined 
rack without bottom clearance, LW predominantly accumulated at the upper part of the rack, leading to an 
open flow cross section below the accumulation. Therefore, backwater rise, and local scour decreased with 
decreasing rack angle. The effect of the rack angle has been included in an existing design equation for 
backwater rise. The flume experiments with an inclined rack with bottom clearance were conducted with 
sediment addition to evaluate bedload continuity. The results showed that a LW volume blocking 50% of the 
flow cross section, corresponding to 10 to 20 logs, is sufficient to reduce bedload transport by 25% during 
ordinary flows. Fine material and smaller log diameters further increased backwater rise and reduced bedload 
transport capacity.
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Operating different reservoir outlets is a challenging decision-making process balancing the releases of 
turbidity currents with the maintenance of clear water circulation within the reservoir. Experimental model 
tests for the Shihmen Reservoir in Taiwan were conducted to investigate the venting of turbidity currents for 
existing outlet facilities and additional proposed sediment bypass tunnels. In this study, a three-dimensional 
numerical model, based on TELEMAC-3D, was validated and used to predict the venting operation and the 
behavior of turbidity current within the reservoir under multiple outlet conditions. Various turbidity current 
characteristics, including the plunging location (from cross-section 29 to 24), head velocity (around 0.09 m/s), 
arrival time at each outlet and muddy lake evolution, were analyzed under different scenarios. The results 
confirm that the upstream bottom outlets' operation leads to delayed arrival of the turbidity current at the 
dam’s outlets. This is critical information for downstream outlets' operation. Moreover, additional release of 
sediments delays further the formation of the muddy lake near the water supply intake, which means 
additional clear water could be supplied during flooding events. To choose the balance between water storage 
and sediment desiltation under water resource avail-ability, a suitable venting strategy is here proposed with 
a schedule of outlet operation. This study has shown that one outlet operation, which is the highest order 
outlet, is ap-propriate under the 2021 drought event. In contrast, under abundant water resources conditions, 
one can operate all of the sediment venting outlets to provide 66.36% venting efficiency and a 19.5% 
supplementary delay in the clear water supply. To conclude, un-derstanding the most efficient de-siltation 
strategy without wasting extra water resources is valuable to reservoir management.
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The present work addresses the influence of the dam’s draining system on the failure by overtopping. It 
comprehends the critical assessment of seven homogeneous dam breach experiments, with different 
drainage systems: i) toe drain only and ii) complete draining system: chimney filter, horizontal drain and toe 
drain. 
The tests were performed in identical conditions of embankment body material, reservoir dimensions and 
inflow. Three dams were equipped only with a toe drain and four were equipped with the complete drainage 
system. The embankment material was a silty sand with 25% of fines content. The filter and horizontal drain 
material was a coarse sand with D50 = 0.7 mm. The dams tested were 0.45m height and 1.2m long and were 
constructed with relative compactions of 90% and a water content of -2.1% of Standard Proctor reference 
values.  
The analysis of the results includes the comparison of the breach hydrograph and the stages of morphological 
evolution. Key measurements include water elevation in the reservoir, video footage of the evolution of the 
breach and 3D breach reconstruction, using a depth sensing device (Kinect sensor). The 3D reconstruction of 
the breach required to stop the breaching process, since KINECT sensor is not able to acquire data under the 
breach outflow. 
Major differences in the breaching mechanisms were observed. In the tests featuring a dam with only a toe 
drain, headcut erosion and underscouring were observed, as described in the literature. In the tests where 
the dam was equipped with a complete drainage system, erosion cavities inside the dam body were observed, 
as consequence of the filter erosion. However, this is not accompanied by an upstream progression of the 
breach, through hydraulic erosion. As a consequence, the breach hydrograph increases at a lower rate in an 
initial stage while the filter undergoes erosion without causing significant underscouring. In a later stage, the 
dam downstream face has mostly disappeared the breach discharge increases at a higher rate, similarly to 
the one of the dam without drainage system. 
A detailed description of the breach erosion process in dams equipped with a complete drainage system is 
presented. The distinct stages of dam failure are characterized in terms of breach outflow and morphologic 
evolution. 
This configures a major novelty in the conceptual model of dam erosion by overtopping that should be 
incorporated in simulation models. The filter erosion causes a delay in the discharge increase that needs to 
be accounted in the dam’s safety plans. 
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Piano key weirs (PKW) are non-linear hydraulic structures developed from traditional labyrinth weirs with 
improved hydraulic efficiency and reduced space requirements. Compared to regular linear weirs, its folded 
planform enables a significantly longer total crest length which contributes to an increased discharge capacity. 
Thanks to its smaller footprint, this type of weir not only can be applicated as a replacement of outdated 
regular weirs but also is able to be constructed on the top of existing dams for flood release purposes. 
However, weir structures as PKWs also bring huge negative impact into river systems by disconnecting its 
natural biological continuity and blocking the migration path of the aquatic organisms. To overcome these 
disadvantages, the present study estimates the feasibility of a new solution to restore the river continuity and 
to guarantee fish migration by integrating a vertical slot fish pass (VSP) in a piano key weir structure. 
Numerical 3D CFD simulations were performed to preliminarily investigate geometrical aspects of such 
combined structure. Results show that for low discharges guiding flow currents will be produced. But with 
increasing discharge amounts, the PKW flow may affect the VSP entrance area.
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The replacement of existing spillway crests or gates with labyrinth weirs is a proven techno-economical means 
to increase the discharge capacity when rehabilitating existing structures. However, additional information is 
needed regarding energy dissipation of such weirs, since due to the folded weir crest, a three-dimensional 
flow field is generated, yielding more complex overflow and energy dissipation processes. 
 
In this study, CFD simulations of labyrinth weirs were conducted 1) to analyze the discharge coefficients for 
different discharges to compare the Cd values to literature data and 2) to analyze and improve energy 
dissipation downstream of the structure. All tests were performed for a structure at laboratory scale with a 
height of approx. P = 30.5 cm, a ratio of the total crest length to the total width of 4.7, a sidewall angle of 10° 
and a quarter-round weir crest shape. Tested headwater ratios were 0.089 ≤ HT/P ≤ 0.817. For numerical 
simulations, FLOW-3D Hydro was employed, solving the RANS equations with use of finite-volume method 
and RNG k-ε turbulence closure. 
 
In terms of discharge capacity, results were compared to data from physical model tests performed at the 
Utah Water Research Laboratory (Utah State University), emphasizing higher discharge coefficients from CFD 
than from the physical model. For upstream heads, some discrepancy in the range of ± 1 cm between 
literature, CFD and physical model tests was identified with a discussion regarding differences included in the 
manuscript. 
 
For downstream energy dissipation, variable tailwater depths were considered to analyze the formation and 
sweep-out of a hydraulic jump. It was found that even for high discharges, relatively low downstream Froude 
numbers were obtained due to high energy dissipation involved by the three-dimensional flow between the 
sidewalls. The effects of some additional energy dissipation devices, e.g. baffle blocks or end sills, were also 
analyzed. End sills were found to be non-effective. However, baffle blocks with different locations may 
improve energy dissipation downstream of labyrinth weirs.  
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Spillways are hydraulic structures that ensure safety and prevent failure of dams. They are designed to 
regulate flow and evacuate water during floods. Spillways are qualified by their capacity to evacuate water, 
which is quantified by flow discharge coefficient measurements. Crest weir shape is one of the main 
parameters that influence spillway efficiency. Currently, their geometry has only been studied empirically due 
to the complexity of flow. Despite being well studied experimentally, they have not yet undergone a thorough 
optimization study to enhance their efficiency. The present study aims to increase weir hydraulic 
performances. To carry out this purpose, a shape optimization methodology based on the Volume Of Fluid 
(VOF) model of Code_Saturne was developed to maximize flow discharge coefficients while at the same time 
taking into account damage risk by cavitation of the weir concrete. Conducted first on a 2D model, for a given 
flow rate, head discharge was minimized while limiting negative pressure appearance along weir crest. The 
multi-objective shape optimization study was based on a surrogate model by Kriging. In order to alleviate the 
computational cost, an efficient approach deploying different grid resolutions is proposed. A comparison 
between the optimal shape hydraulic performances and the standard weir shape highlights a significant 
improvement in weir efficiency. 
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The distance between the level of the intake center and the water surface level is called submergence of a 
water intake. If submergence is below a certain minimum level, air enters the intake through an air-entraining 
vortex emerging from the free surface, and that particular submergence is termed as critical submergence. 
The present paper discusses the effect of intake pipe protrusion on the critical submergence for lateral dual 
square intakes under uniform flow with the help of a multiphase CFD model. Volume of Fluid (VOF) model 
based multiphase modelling with SST k-omega turbulence model is used in the present study to compute the 
critical submergence at dual intakes. The variation in the withdrawal capacity of intakes by various intake 
protrusions were identified. The complexity of flow withdrawal at dual intakes with differential protrusion is 
effectively predicted using the present CFD model. The interface between air-water phases has been 
simulated with better accuracy for identifying the multiphase interface interaction during the event of an air-
entraining free surface vortex formation. The significance of intake protrusion on the critical submergence for 
lateral dual intakes are identified numerically
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Waterhammer in pumping systems is an issue of concern to stakeholders, especially with regard to events 
resulting from accidental changes in operation, such as unplanned shutdowns due to electrical failure or 
human error. The transient response of these eventualities can be predicted by means of computer modeling 
with commercial waterhammer softwares. In existing structures, accurate calibration of these models relies 
on the existence of extensive field data, for which high frequency transient monitoring is required.   
 
Against this background, R&D+I department of Canal de Isabel II is developing a project for transient analysis 
in several pumping stations. In each of these installations, field tests are performed. These consist, either in 
registering daily activity of pumping stations or in programming specific starting/stopping sequences. For data 
collection, high frequency dataloggers are placed both along the network. These instruments are capable of 
monitoring rapid pressure changes by means of a highly pressure transducer (range 0-30 bar) and the 
recording up to 100 measurements per second. 
 
Hydraulic dynamic models were implemented using a waterhammer specialized software based on the 
geometric and operational data of the pumping station and hydraulic network. This computer tool uses the 
method of characteristics to solve the mass and quantity of motion balances inherent in the elastic model. As 
stated, the reliability of the numerical model for the analysis of hydraulic transients under unforeseen 
circumstances is given by the calibration process, through which parameters and boundary conditions are 
modified to ensure that the results corresponding to standard operations conform to the records obtained in 
the monitoring campaigns. Subsequently, once this target is achieved, different mitigation solutions are 
considered to evaluate its effectiveness concerning the attenuation of peak (minimum and maximum) 
pressure values.  
 
Furthermore, apart from addressing the simulation of specific pumping systems, the research comprises the 
implementation of a database that cross-checks the different features and geometric characteristics of the 
case studies analyzed with a wide range of operating solutions and design recommendations related to surge 
control. To reach this goal, a collection of simplified, synthetic waterhammer models was elaborated based 
on those accomplished for particular cases studied. Pipework materials and diameters, operating conditions 
of the pumps, profile geometry, and several other properties were modified in order to elaborate a test bench 
for performing a sensitivity study to evaluate the effectiveness of surge protective measures. Among others, 
the implementation of surge vessels and tanks, retention and relief valves, modification of pump operating 
set points and types of start-ups and trips, including the use of soft starters and frequency variators, were 
trialed.  
 
Study enables the standardization of guidelines for mitigating surge effects in pumping stations, as well as the 
possibility of establishing design recommendations and good practice operations. 
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Throughout history, human beings have been building infrastructures hydraulics to use the water resources 
of its environment in its favor; The construction of a dam, and in general terms of all civil works, is associated 
with the determination of the environmental impact generated both by the dam itself, and by the entire 
construction process. This aspect is intensified in areas that could be classified as environmentally sensitive, 
where the demands from the environmental point of view are greater. This aspects, may involve a cost that 
is unaffordable and the not viability the execution of the works. 
There are many rivers of environmental value in which water catchments are required for irrigation and 
supplies. Concrete little dams represent an obstacle to ecological continuity. Likewise, in developing countries 
or in emergency situations, a system is needed that allows us to build dams quickly, cheaply and using very 
little machinery, allowing us to reach remote areas. 
A technical solution is presented for the use of modular and portable INFLATABLE   DAMS. In times of water 
diversion, the little dam will maintain its inflated position, while the rest of the time it will remain deflated on 
the river bed. This will allow for a natural flow of the river course with minimal environmental impact. 
Two elements are distinguished, the inflatable body that presents the obstacle to the water and acts as a 
dam, and the bearing / stabilizing element, which is a modular slab that acts as a stabilizing foundation for 
the dam, in detail the components would be; 
INFLATABLE BODY: It consists of toroidal pneumatic elements like truck or vehicle wheels, with a stiffening 
and protection system. Inflation occurs simultaneously with a pneumatic circuit, using a compressor supplied 
with solar-powered, so using materials recycled, supplied the system with renewable energy. 
MODULAR FOUNDATION: It consists of a light rectangular metal structure that rests on the river bed, and 
inside it precast concrete blocks are placed or, where appropriate, stone gabions from the same place where 
it is going to be built, whose set forms a foundation modular slab type. 
This solution presented is a viable alternative to the construction of permanent little dams in rivers, with the 
possibility of making the environment and human development compatible, using recycled materials and 
renewable energies.
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Due to climate change, flood events may increase in frequency and magnitude. River dikes built according to 
the state of the art usually breach due to overflow or piping causing significant damage to humans and 
infrastructure in the flooded area. In order to adapt to extreme flood events, resilient flood protection 
structures are required. Such structures should not only minimize the destructive potential of flood events, 
but need to be designed resource efficiently ensuring low environmental impact. 
Dikes made out of stacked soil-filled geotextile tubes represent a promising way of meeting the above-
mentioned challenges. Innovative machine technology enables wrapping, filling, and placing the tubes on-site 
within an integrated continuous process. Covered with earth and vegetation, the tube dikes blend into the 
landscape just like conventional dikes. The geotextile package protects the filling material from inner and 
outer erosion and thus prevents the dike from breaching due to overflow or piping. The erosion protection 
enables steeper slopes reducing the amount of filling material as well as the land consumption. Additionally, 
the requirements on the filling material are lower and thus locally available material can be used for 
implementation of short transport ways along with low cost and reduced environmental impact. 
By now, geotextile tubes are filled hydraulically and used mainly in coastal constructions such as groynes, 
breakwaters, sea dikes or artificial islands. Stability calculations are thus based on the pumping pressure 
during the filling process and on wave loads during the design life. For dry-filled geotextile tubes used in river 
dikes, however, there is a lack of experience and established stability calculations. 
Hence, the aim of our investigation was the analysis of the 2D- und 3D-behaviour of dry-filled, stacked 
geotextile tubes during seepage and overflow under systematic variation of the initial conditions. To meet 
the requirements, we set up 2D-experiments in a 2 m wide dike model as well as 3D-experiments in a 29.8 m 
wide dike basin. During the experiments, we systematically varied the parameters filling material, degree of 
filling, number of geotextile layers, number of tubes, load type, load strength, and load duration.  
In order to determine design rules for geotextile tube dikes, we measured the flow depth, seepage level, 
seepage flow, tube shape, and material transport using ultrasonic probes, pressure gauges, 2D-LiDaR-Sensor, 
and soil sampling cylinder in combination with sieving analysis. The results in form of failure mechanisms and 
failure modes lead to hydraulic stability formulae serving as basis for design recommendations and stability 
assessments in comparison to conventional river dikes. 
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Nappe flow impingement on downstream lined pools or rocky riverbeds constitutes one of the methods to 
dissipate the energy of excess water released during overflow spillway operation in concrete dams. The study 
of the hydrodynamic pressures at impact is paramount to assess the stability of concrete lined pools and the 
potential for rock scour, and ultimately assess the risk of dam instability during and after overflow spillway 
operation. A better knowledge of the pressures in the plunge pool is important for engineering practitioners, 
safety experts and dam operators as it may affect the safe operation of the hydraulic structures. 
This study presents an experimental work on dynamic pressures at the surface of a stilling basin that receives 
overflow rectangular impinging jets. The experiments were conducted in a fairly large-scale facility, designed 
for the analysis of turbulent jets and the energy dissipation in overflow structures. The vertical distance 
between the sharp-crested weir and the bottom of the plunge pool is 2.20 m. The study considered eight 
different flow rates with twelve different downstream water depths. These conditions allow to study 
developed jets (i.e. vertical distance H between the energy head over the weir crest and the jet entrance on 
plunge pool basin to the break-up length Lb ratio H/Lb > 1) and non-developed jets (H/Lb < 1.0) with effective 
water cushion depths (i.e. water depth Y at the end of the plunge pool to impingement jet thickness Bj ratio 
Y/Bj > 5.5) and non-effective water cushion depths (Y/Bj < 5.5). The study presents a range of specific flow 
rates from 0.024 m3/s/m to 0.141 m3/s/m, impingement velocities from 6.12 to 6.33 m/s, H/Lb values varying 
from 0.47 to 1.26 and Y/Bj from 1.17 to 51.48. 
Piezoresistive pressure transducers recorded instantaneous pressures created by the impact of high-velocity 
turbulent jets plunging in the plunge pools. The fourteen sensors used were located on the bottom surface 
of the flat plunge pool, longitudinally distributed along the symmetry plane of the turbulent jet device and 
equally spaced at 5 cm intervals. The sampling acquisition frequency was 20 Hz during 360 s, obtaining a total 
of 7200 data per measurement. 
The paper present new insights on the pressure distribution generated by overflow plunging jets, with various 
trajectories and stagnation points. Different longitudinal pressure statistics show how the interplay between 
the overflow rate and downstream tailwater levels leads to different flow features and dynamic load 
conditions at the pool surface. The outcome of this research aims at improving the design criteria for pool 
slabs and construction joints. 
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The current state-of-the-art for the verification of flows near the hydraulic structures, for instance, the 
stability of the bed protection, is a physical scale model. Nonetheless, a reliable Computational Fluid Dynamics 
(CFD) tool for conducting virtual testing should be able to provide necessary insights into the hydraulic flows. 
Thus, the present work has been focused on an idealized turbulent weir flow represented by a gate underflow 
and investigating whether a CFD model could form the basis of a new reliable flow verification approach. 
 
In the majority of available theoretical studies, flow generated by an opening near the river/basin bottom is 
related to a plane wall jet and focuses on predicting the streamwise maximum velocity profiles in its potential 
core. In practice, a turbulent jet downstream of a weir is affecting the surrounding flow field by generating 
velocity perturbations and flow mixing further downstream of the jet potential core. Since the hydrodynamic 
loads on the bed protection are related to the instantaneous local flow velocities, adequately representing 
the turbulent nature of the flow in space and time is important.  
 
To evaluate the predictive capability of the numerical model, a set of experimental tests were performed by 
Deltares. Particle image velocimetry (PIV) has been applied to characterize flow fields, where flow velocity 
and turbulence near the bed downstream of a gate could be assessed. Numerical modeling of similar flow 
conditions was performed within the commercial CFD software package STAR-CCM+ v14.04.Results of 
modeled and time-averaged flow fields were compared with the results of experimentally measured. Flow 
velocity components, turbulent kintetic energy levels, and Reynolds stresses, when reasonable, were used in 
the performed analysis.
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Impulse waves are generated by landslides, rockfalls and iceberg calving in water bodies such as lakes and 
reservoirs. These waves represent a persistent danger for dams, e.g. in the 1963 Vajont disaster an impulse 
wave impacted and overtopped the Vajont dam causing approximately 2000 causalities. Unfortunately, an 
accurate prediction of the effects of tsunamis on dams, e.g. pressures and forces, is still subject to large 
uncertainties and 3D effects are typically neglected. The present study relies on the numerical modelling of 
impulse waves impacting dams with the toolbox solids4foam. To this end, a total of 72 2D tests involving a 
range of wave conditions and dams of different inclinations have been conducted. A new empirical equation 
to predict the run-up height is suggested, showing a good agreement with available laboratory 
measurements. The resulting wave forces on dams agreed with an available empirical method, further 
extending its validation range. Novel insight in the 3D effects is given based on 4 simulations with straight and 
arch dams impacted normal or at an angle of 30°. Both the dam curvature and asymmetrical wave impact 
resulted in up to 32% larger run-up heights at the dam flanks than in the centre. Such findings may support 
tsunami hazard assessment in reservoirs and are also relevant for a range of coastal designs, e.g. oil and gas 
rigs, break-waters and flood protection systems. 
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This work studies the clear water and the flow with sand transport over two Coanda effect screens with wedge 
wire of 1.6 and 2.4 mm width, slot openings of 0.4 and 1.0 mm, and 5º of tilt angle. The experiments were 
carried out in a 0.5 m wide flume with flowrates between 16.66 and 72.22 l/s/m, and sand dosage between 
1.24 and 2.5 g/l. Clear water flows were also compared with computational fluid dynamic simulations carried 
out with FLOW-3D® software and the Coanda spreadsheet developed by Wahl (2001, 2013), showing an 
adequate agreement. The flow with sand transport, when pass over the screens, showed remarkable results 
from the point of view of the screens operation: i) no clogging in the gaps of the screen was observed, with 
same wetted lengths than in clear water flows experiments; ii) due to the rounded characteristics of the 
tested sand, a large  quantity of the sand was found in the derived sand material with mesh sieves sizes higher 
than the screen gaps; iii) large quantity of the sand derived came from the accumulation of sand in the 
remaining parts of the screen when the incoming flowrate was lower than the screen intake capacity. 
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We apply a unified methodology to improve the design and effectiveness of a road drainage system in a steep 
slope basin. The basis is the Saint-Venant equations, which can reproduce surface water dynamics from the 
catchment to the drainage system of forest roads. By incorporating multi-core computational facilities as a 
graphics processing unit (GPU) and the well-balanced finite volume solver IBERPLUS, we simulated the whole 
system of hydrologic-hydraulic processes. We predicted the behaviour of the drainage system of a forest road 
network accurately by simulating its response to the design storm numerically. The distributed hydrological 
software IBERPLUS accurately simulated the hydrology of the catchment, routing the runoff from the basin 
to the multiple-scale drainage system up to the road and its drainage network. The return periods of the 
design storm were 25 and 100 years, according to the Spanish Directive FOM/298/2016. The flow depth and 
velocity were computed at three spatial scales: basin, road and drainage systems. The analysis of the water 
discharge, flow depth and velocity on the road and the basin allowed the location of the critical stretches 
showing overtopping and sedimentation. About 10% of existing culverts were undersized for the 100-yr return 
period. Under culvert sedimentation, the undersized drainage elements increased up to 40%. In recent 
rainfalls, slackwater sediments settled on the exact road locations predicted by the simulation. These findings 
point to the need to incorporate new methodologies based on the simulation of hydrologic-hydraulic 
processes with the Saint-Venant equations to ensure a safe design of the transport network. 
 
 This work was funded by PINUS S.A, “Programa Operativo FEDER 2014-2020” and “Consejería de 
Economía y Conocimiento de la Junta de Andalucía” under Grant No. 1380967. J.D.d.M.-E. was supported by 
a post-doctoral grant from the University of Jaén. 
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Unstable slopes in critical infrastructures such as reservoirs usually lead to risky situations that may entail a 
large amount of material, economic and even human losses. Remote Sensing techniques have proven to be 
very useful tools to avoid or minimize these disasters. One of these techniques is satellite radar interferometry 
(InSAR), which is capable of detecting millimetre movements of the ground at a high spatial and temporal 
resolution. 
Using this technique, we have detected three active landslides within the slopes of the Rules Reservoir: the 
Lorenzo-1 Landslide, the Rules Viaduct Landslide and the El Arrecife Landslide. The first two are rotational 
landslides (surface of rupture is curved) and they are affecting the N-323 National Road and the southern 
abutment of the Rules Viaduct (Highway A-44), respectively. The InSAR displacement rates are up to 2 cm/yr 
for the Lorenzo-1 Landslide and up to 2.5 cm/yr for the Rules Viaduct Landslide. Furthermore, the 
displacement patterns of both landslides show a correlation with changes in the water level of the reservoir: 
the movement is accelerated with declines of the water level of the reservoir. 
On the other hand, the El Arrecife Landslide has a translational character (the surface of rupture is planar) 
and therefore, it presents a potential hazard of experiencing a critical acceleration and a partial or total 
rupture of the slope. This would generate a collapse of a slide mass into the reservoir, what would have 
devastating consequences (for example, a massive flash flood downstream). Using InSAR and geophysical 
techniques (Ground Penetrating Radar), we detected a vertical movement of around 2 cm/yr along the N-323 
National Road, being up to 6 cm/yr at the foot of the landslide. As the other landslides, the movement of the 
El Arrecife Landslide foot is accelerated with the reservoir water level declines. We have also performed a 
detailed geological study that made possible to preliminary estimate the volume of the landslide: 14.7 million 
m3. 
With the data presented, we provide a first view of the nature of these landslides and the hazard that they 
imply to the Rules Reservoir. Having done this, we consider essential to develop a remote and in-situ 
monitoring system of the activity of these landslides. In such way, possible pre-failure precursors of a rapid 
acceleration could be identified far enough in advance to avoid irreversible damages in the reservoir and 
related infrastructures (as the Rules Dam, the N-323 National Road, the Rules Viaduct and the A-44 Highway). 
A continuous monitoring of the landslides is the key to conduct to a suitable and safe management of the 
reservoir, especially for water discharges
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The failure of river dikes frequently leads to disastrous consequences in protected areas. Among all causes of 
dike breaching, overtopping is by far the most common. Nonetheless, the physics of erosion process is still 
poorly understood, making prediction of breach formation under different conditions difficult. 
 
Most experimental research works have concentrated on dikes perpendicular to the main flow (i.e. dam 
embankments), whereas only a few have dealt with fluvial dikes (dikes parallel to the main flow). Rifai et al. 
(2017, 2018) conducted laboratory tests of fluvial dike breaching to determine the influence of main channel 
inflow discharge, downstream boundary condition, floodplain tailwater, channel width, and bottom and dike 
material. The impact of dike geometry has never been thoroughly examined. 
 
Here we report the results of a new laboratory study assessing the influence of dike geometry on the 
breaching of non-cohesive homogenous fluvial dikes. The crest length and inner and outer slopes of the dike 
were modified systematically. The breach discharge and breach width were monitored continuously. During 
the initial stage of breach expansion (i.e. rapid erosion), dikes with a larger volume per unit width result in a 
more progressive increase in breach discharge and breach width. The influence of dike geometry decreases 
during the later stage (i.e. progressive breach widening). Two extreme configurations (dikes with particularly 
small and large volumes per unit width) were tested to generate breach discharge and breach widening 
envelopes. This will be presented for the first time in this communication.



Theme 4 

Hydraulic structures 
 
 

Physical meaning of the length of classical hydraulic jumps in a horizontal 
rectangular channel 

Mr. Ryugen Satoh1, Dr. Eng. Masayuki Takahashi1, Dr. Eng. Iwao Ohtsu1 

1Department of Civil Engineering, Nihon University, College of Science and Technology, Tokyo, Japan 

Theme 4: Hydraulic structures (4), Seminario 3+4+5, junio 21, 2022, 15:00 - 16:30 

The classical hydraulic jump with a surface roller is a well-known phenomenon. For a supercritical flow below 
a sluice gate in a horizontal rectangular channel, a boundary layer develops from the section at the vena 
contracta and reaches the water surface at the critical point, after which the flow is developed. If the toe of 
the jump is located downstream of the critical point, this is called a jump with a fully developed inflow 
condition (FD jump). Subsequently, for a jump with an undeveloped inflow condition (UD jump), the jump toe 
is at the vena contracta section. For FD and UD jumps, it is necessary to clarify the jump length physically. The 
relation between the jump length and energy dissipation should be elucidated with the physical meaning 
based on the energy equation. 
This study shows the turbulence characteristics in FD and UD jumps under a given inflow Froude and Reynolds 
numbers. The distributions of the velocity and the turbulence intensity are demonstrated experimentally for 
FD and UD jumps. The relation between the jump length and the energy dissipation is elucidated by using the 
energy equation for the mean flow and the turbulence. The convection of the turbulent energy and the work 
performed by the Reynolds stresses are indirectly calculated, showing that the jump length can be interpreted 
as the length of the zone required to achieve the energy dissipation in the jump.
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A focal point of seismic resilience occurs at hydraulic structures where below ground pipelines enter and exit 
reinforced concrete walls. This interface has long been recognized by engineers as a location that suggests 
accommodation of movement due to differential settlement. Pipeline seismic forces due permanent ground 
displacement, adversely affects structural design due to large bending moments, and shear forces imparted 
to hydraulic structures. The moments and forces can be substantially reduced by introduction of flexibility 
into the piping system which has a positive result on design of hydraulic structures. 
 
This paper will address the benefits of the addition of grooved, flexible yet restrained couplings, located at 
below ground piping/structure interfaces at hydraulic structures. Piping stress analysis, using CAESAR II 
software that utilizes a beam style FEA analysis, was performed on 24”, 48”, 72”, and 96” steel pipe sections 
subject to a rigid restraint on the left replicating the structure wall, various distances to various seismic lateral 
displacements (1”, 2”, 3”, 4”) and, 100 psig water pressure. The moments on the fixed end (structure wall) 
were calculated with and without pairs of flexible couplings to show the benefit and reduction in bending 
moments and shear forces on the structure wall through the use of flexible yet restrained couplings 
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During flood events in mountainous areas, huge amounts of large wood (LW) may be transported. When 
reaching a dam overflow spillway in operation, LW can result in blocking the spillway cross section and 
therefor decrease the discharge capacity considerably. Due to the resulting backwater rise, freeboard 
requirements may not be guaranteed and even uncontrolled dam overtopping may occur. As a prime example 
serves the blocking of the Palagnedra spillway (Switzerland) during a flood event in 1978.  
To prevent spillways from blocking with LW, either safe passage over the spillway or retention measures in 
the reservoir are possible. If a safe passage of LW over the spillway cannot be guaranteed and blocking may 
occur due to e.g. bridge piers, LW must be retained in the reservoir. By placing a retention rack upstream of 
a spillway, LW accumulates at the rack instead of directly at the spillway crest, allowing the water to flow 
below the LW accumulation and therefor leading to a lower backwater rise. Piers protruding in upstream 
direction have a similar function as a LW retention rack. 
A few existing studies investigated LW blocking at spillways using flume experiments with channelized 
approach flow and a weir height W up to 3 times the design head of the spillway weir HD. 
In this study, the effect of the pier overhang pc (distance from pier nose to weir crest) on the resulting 
backwater rise in case of LW accumulation has been investigated, using a physical model with a model scale 
factor of λ = 30. The model consists of a curved arch dam with a height W of 30 m (prototype dimensions), a 
WES-shaped spillway weir with a design head HD = 2 m and five similar spillway openings with a width B = 6 
m each, separated by four protruding piers. The model allows close-to-prototype approach flow conditions 
with radial flow and very low velocities in the reservoir. 
A formula is provided to estimate backwater rise for LW blockage at piers of high overflow structures in 
dependence of the pier overhang pc. The results show backwater rise of less than 5% of the overflow height 
Ho, if pc ≥ Ho. Additionally, the characteristic wood volume, i.e. the volume that leads to the main part of the 
backwater rise, is described and can be estimated. 
In general, the article helps understanding LW accumulation formation at piers of high overflow structures, 
provides information on the required overhang and enables backwater rise estimations for blocked spillways. 
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Rockfill dams are hydraulic structures of major importance that can be exposed to extreme flood events, 
leading to overtopping processes. These phenomena erode and weaken their structural and geotechnical 
stability. As a rockfill dam protection, ripraps are broadly used against erosion processes. For steep slopes, as 
the one considered in this work, riprap failure is made possible during overtopping process. Thus, 
understanding the riprap behavior during overtopping events is a major issue to improve construction and 
reinforcement techniques. In this work, datasets were obtained from an experimental model of placed riprap 
built in a flume. The riprap stones were placed in an interlocking pattern with a metallic support at the toe. 
The model was submitted to successive overtopping with increasing levels of discharge until its complete 
failure. A laser traverse system measured the coordinates of specific riprap stones between each discharge 
increase and six load cells located at the toe measured the load during the entire procedure. From the total 
load values, two different types of load contributions could be distinguished: the self-weight of the stones 
and the hydraulic load depending on the discharge level of the overflow. The present work highlights the 
strong relation between riprap stone displacements and axial reaction load values measured at the toe. The 
results demonstrate that as the hydraulic load induces 2D deformations of the riprap, a larger part of the 
riprap weight is supported at the toe. Thus, the measured axial load during overtopping arises both from the 
hydraulic load and from the load imputed to the compaction of the riprap layer. This compaction effect 
induces an even greater load than the one imputed to the water.
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Trunks, branches, and wood debris transported by a river can reach dams and accumulate at spillways, as 
revealed by past events like the disaster of the Palangedra dam (Switzerland, 1978) or the most recent 
accumulations at the Comelico dam after the Vaia storm (Italy, 2018). The reduced flow velocity and the 
presence of sluice gates may increase the probability of wood accumulation, while the interaction with the 
gates can lead to malfunctioning, with additional risks both for the structure and for the population living 
downstream of the dam.  
Measures to prevent wood accumulation include installing rakes or floating booms that keep wood far from 
the crest, thus requiring the removal of the accumulated material and interrupting floating sediment 
continuity. Alternative solutions are gate maneuvers that can facilitate wooden debris to pass over the dam, 
although their efficacy is uncertain, or the re-design of the dam crest, like the removal of walls and bridges, 
that implies additional costs and is not always feasible. A deeper knowledge of the hydrodynamics of wooden 
debris close to the spillway crest can help chose the most preferable solutions. 
The experimental campaign here presented, performed at the Hydraulic Laboratory of the University of Pavia, 
aims at analyzing the hydrodynamic behavior of cylindrical woods upstream of an ogee crested spillway. The 
measure of the drag coefficient is performed for different cylinder dimensions, roughness, submergence, and 
distance from the crest. The water level is set equal to or higher than the reference value that should facilitate 
wood passage. Top view recordings are also performed. 
The experimental results show that the drag coefficient at the spillway increases with respect to the free-
water value, mainly due to the blockage ratio and to the flow velocity distribution. Upstream values are lower, 
showing the reduction of the hydrodynamic force. If the water level at the crest is higher than the value 
suggested by literature, woods tend to float freely and to pass over the dam, despite a reduction of the drag 
force due to the lower velocity. 
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Driftwood belongs to riverine ecosystems and is stored and transported in every natural stream. Hydraulic 
structures built in streams typically alter the flow characteristics and might consequently get in conflict with 
driftwood. The latter can get trapped at limited cross-sections and then hinders the water to pass. The 
upstream water level subsequently raises, since the flow needs more energy to pass the obstacle. This might 
lead to inundations of upstream zones or to overtopping of dams. Both are not acceptable. The herein 
presented study addresses this issue, focusing on a standard weir with piers (to hold gates or flaps). Such a 
configuration is frequently used to regulate the flow on dam spillways. We have conducted systematic model 
tests supplying large driftwood volumes, varying the discharge and the bay width. The reduced discharge 
coefficient under driftwood impact was derived, allowing to determine the related reservoir level rise. 
Furthermore, three technical installations, denoted as countermeasures, were tested to avoid the observed 
discharge capacity limitation of a jammed weir. These measures included (i) overhanging piers (protruding 
into the reservoir), (ii) driftwood racks installed upstream of the weir, as well as (iii) the removal of the piers 
generating “wide” bays. The tests indicated that, under the herein tested conditions, all measures were highly 
efficient. The discharge coefficient remained typically at almost the free weir flow capacity (>90%), even 
under a high driftwood occurrence.
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Velocity distributions in supercritical open-channel flows down stepped chutes are typically described using 
a power-law approach, which is suitable for velocity profiles above step edges. In between step edges, 
theoretical solutions of plane turbulent mixing layers have successfully been compared with measurements, 
but no generalized model is available to date. In this study, a four-layer velocity model is proposed, which is 
able to characterize flow velocities above the pseudo-bottom as well as within the step cavities. This new 
model combines different physical concepts (mixing layer, log-layer, wake function) and was validated against 
previous experimental data, recorded in the developing non-aerated region of a stepped chute. It is 
anticipated that the model is also applicable within aerated flow regions, which is yet to be disclosed through 
detailed velocity measurements in challenging two-phase conditions, especially inside step cavities. 
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Whether it is to ensure the oxygenation of an ecosystem, or the efficiency and safety of a hydroelectric 
installation, it is necessary to understand the impact of plunging jets. Using a multi-scale approach based on 
two experiments (a laboratory one, and a large scale one named JetHigh), we address here, the prediction of 
the penetration depth of free-falling jets. We measured the penetration depth for a wide range of jet 
diameters, from 0.3 mm to 210 mm for a round nozzle and for a rectangular nozzle (648 mm by 32 mm). We 
also studied a wide range of fall heights, from 0.06 m to 9.5 m. With the addition of video analysis of the jet 
and in the bubble cloud and optical probe measurements in the bubble cloud, we propose a quite simple 
model to predict the penetration depth of a wide variety of jet structures at impact. It is based on the 
momentum theorem applied on the bubble cloud. This model extends the model proposed by Clanet & 
Lasheras (1997) and coincides with the empirical correlation explained by Mc Keogh & Ervine (1981). Based 
on our measurements with a rectangular nozzle, we propose a similar model for the nappe. It shows that the 
nappe can behave as a sheet of side-by-side round jets if the instabilities are developed enough. 
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Model experiments were conducted to research the effect of liquefaction on breakwaters built on silty soils. 
The pore pressures in the silty soil under the breakwater were measured by flush-mounted pressure 
transducers during the exposure of the model to regular waves used as cyclic loading. In this research, some 
methods to prevent liquefaction were also used to observe the effect of them on the change in pore water 
pressures. Three experiments were conducted. In the first experiment, no soil improvement was made; in the 
second one, six stone columns, which were placed between the failure arc and the toe of the breakwater, 
were used to increase drainage. Lastly in the third experiment a non-woven PP geotextile was placed between 
the failure arc and the toe of the breakwater. The geotextile has delayed the liquefaction remarkably at the 
toe of the breakwater. 
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In the present literature review paper several experimental investigations on physical and numerical models 
of drop manholes and vortex drop shafts were considered. The examination of the experimental data led to 
the definition of a simple empirical equation, initially suggested for one type of drop manhole, to estimate 
the total head loss coefficient for both drop manholes and vortex drop shafts. The energy efficiency values, 
as detected by the corresponding physical and numerical tests, of all the drop structure models were also 
compared. The energy efficiency of vortex drop shafts is larger than in drop manholes, and it reaches easily 
the 90%. Drop manholes are, instead, characterized by a smaller energy efficiency, which was shown to 
increase as the drop height augments.
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The so-called ‘Favre waves’ can occur in a canal upstream of a dam when the gates are closed rapidly. They 
appear when the Froude number is smaller than a certain threshold; otherwise a hydraulic jump takes place. 
The Favre waves consist of a series of oscillations of the free surface propagating upstream, the first of which 
being about twice higher than the hydraulic jump that would occur otherwise. Predicting these waves are 
useful for hydraulic safety, i.e. in order to predict possible local flooding. 
 
The Favre waves belong to what is known since the 70s as ‘Dispersive Shock Waves’ (DSW). The theory of 
DSW was initiated after the pioneering work of Whitham (1965) who showed how non-linear, dispersive 
waves can be described following a modulation theory. In his seminal paper, Whitham also applied his theory 
to the Korteweg–de Vries equation (KdV), among others. Later on, Gurevich and Pitaevskii (1973, 1987) 
proposed two analytical models to described DSW from the KdV equation following Whitham’s modulation 
theory. 
 
In the present work, we show that Gurevich and Pitaevskii’s models (GP) can well predict Favre waves. A first 
qualitative attempt has been done by Prüser and Zielke (1994) from the 1973 GP model; here we propose a 
quantitative comparison of both GP models with the experimental data by Soares-Frazão and Zech (2002). 
The 1987 GP model, which includes energy dissipation, is proved to predict better the laboratory data. 
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It is well known that the flow over a labyrinth weir is fully tridimensional, with flow separation and non-
hydrostatic pressure conditions near the weir. Its hydraulic behavior has been mainly studied in experimental 
models. More recently, few studies solved the three-dimensional flow behavior by using 3D computational 
fluid dynamics (CFD) models. However, these simulations require significant computational effort, and are 
time consuming when large areas need to be calculated, limiting their use in flooding simulations. In this 
study, the main flow characteristics of labyrinth weirs, such as the discharge capacity and the flow depths 
downstream of the labyrinth weir, were analyzed by using shallow water approaches, widely used in flooding 
modeling. Numerical results were compared with experimental data previously acquired in a relatively large-
size labyrinth weir, with a 30º sidewall angle. As an example of 2D code, the free code Iber was selected. 
Reasonably good results were obtained for the discharge coefficient of the labyrinth weir, and for the flow 
depths near the downstream end of the channel reach, using the internal condition of Iber to model the weir. 
However, in the short vicinity of the weir, the flow depths were not accurately modeled, as expected, given 
the inherent limitations of the code for solving non-hydrostatic pressure regions. 
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When migrating downstream, fish usually follow the main current, which typically leads them to the turbines 
of hydropower plants (HPPs). When fish pass through the turbines, they can be injured or even killed. To 
prevent fish damage, fish guidance structures (FGS) in combination with bypass-systems provide a safe 
downstream migration corridor. However, the fish guiding efficiency (FGE) as well as the fish protection 
efficiency (FPE) of such structures are largely dependent on species- and site-specific conditions. In the design 
of new HPPs as well as in the ecological adaption of existing ones, there is no general solution for the 
implementation of FGS. Instead, the “trial and error” approach is often used. To investigate the influence of 
specific geometric and hydraulic parameters of HPPs on downstream migrating fish, a 3D numerical approach 
using the software ANSYS Fluent 19 was applied in this study. The flow conditions upstream of simplified HPPs 
were simulated and evaluated regarding FGE and FPE. Based on a parameter analysis, general results were 
derived, e.g. concerning the effects of rake angle or design type of HPPs. Furthermore, the present study 
illustrates the importance of investigating the flow conditions and evaluating FGE and FPE in the planning of 
appropriate measures at HPPs.
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The low drop structure is obstacle for the migration of multi-aquatic animals during normal stages. Also, a 
local scouring is formed behind drop structure during flood stages, and it is easy to form river degradation. 
The roughness slope with stacked boulders is effective for both migration of multi-aquatic animals and energy 
dissipator. The roughness slope is recommended to be smaller than 1/8 slope. Also, the size of stacked 
boulder at long side is larger than 0.6 m in prototype. For the protection of river bed, the concrete block with 
hollow care type is installed behind the downstream end of roughness slope with stacked boulders. A 
parabola section in stacked boulders makes multiple flows near water side on stacked boulders. The top width 
of water surface changes with discharge. If the transverse slope becomes milder as 1/8, 1/10 slopes, a 
possibility of migration route can be kept for a wide range of discharge. In the transition from supercritical to 
subcritical flows behind roughness slope, a main flow concentrates at a center part of roughness slope with 
stacked boulders and a surface jet flow is formed. In this case, it is easy for multi-aquatic animals to find the 
migration route. During flood stages, as the roughness slope with stacked boulders is smaller than 1/8 slope, 
approaching Froude number is smaller than 2.5, the surface jet flow is always formed even if the tailwater 
elevation is varied. As the main flow lifts to water surface for the formation of the surface jet flow, the bed 
velocity can be reduced less than the velocity for sediment transport. If the main flow transits from 
supercritical to subcritical flows, it is easy to lift to the water surface because of the installation of protection 
block behind the roughness slope with stacked boulders. From view point of the construction for the 
roughness slope with a parabola section, the construction of stepped channel with sill is recommended, and 
it is easy to construct stacked boulders at each step. These results reveal from the experimental investigation 
by using 1/10 scale model installed in rectangular channel with 0.8 m wide, 15 m long, and 0.6 m height. 
Velocity and water surface measurements support the efficiency of roughness slope with stacked boulders as 
an energy dissipator. The structure was applied to drop structure for Sabo works in Oomu River, Yamanashi 
prefecture. The efficiency of the structure can be verified in field. This paper presents characteristics of the 
roughness slope with stacked boulders on basis of experimental and field works. 
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Energy companies foresee solar energy as the leading renewable energy of the future, with over a third of 
the energy mix for 2050 (DNVGL, 2020; BP, 2017). On theses grounds, floating photovoltaic (FPV) technologies 
are raising as a strong alternative to conventional ground-mounted PV plants. The main advantage of FPV 
systems lies in their increased energy efficiency due to the cooling effect of the water (Liu et al., 2017). FPVs 
are mainly installed in freshwater bodies (Rosa Clot et al., 2020), but they could greatly benefit from an 
offshore perspective , given the massive amount of available space and its economic advantages (Trapani 
2013). 
This works presents and applies a novel methodology to design and to evaluate a marine FPV plant under 
realistic environmental conditions. The Port of Vigo (NW Spain) was selected as case study given its natural 
shelter against extreme wave conditions .  The FPV system corresponds to a Class 1 plant according to 
Cazzaniga (2020).  
First, a multicriteria analysis was carried out using geospatial data to determine the best area for the 
deployment of a FPV plant within the port estuary. The aim of this analysis was to maximize energy production 
while minimizing the exposure to wind, waves, tides and currents and taking into account marine spatial 
planning criteria (Ehler, 2018). The actual uses of the port´s hinterland, the environmental restrictions, and 
the physical constraints, such as the bathymetry or the coastal morphology, were used as spatial limiting 
factors. Additionally, the energy production of the proposed FPV plant was estimated for the selected 
location. 
Once the best area was determined, the reliability of the FPV structure against the wave, wind and current 
loads was analyzed and verified through numerical modelling. To assess all relevant motions, pressures and 
forces, a complete hydrodynamic analysis was carried out. This approach is based on the boundary element 
method and the potential flow theory to solve the wave-structure interaction in the time domain, a 
methodology that has been successfully applied to other marine renewable energy technologies (e.g. López 
et al., 2018). This methodology allowed an iterative process through which key aspects of the design, such as 
the general layout, the mooring system or the connections between floating structures were optimized 
berating in mind their structural reliability. 
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Energy from the ocean has become one of the most promising clean resources. The challenges for the future 
of clean energy face a major achievement in increasing the percentage of use from renewable sources. For 
example, as far as in the case of Europe, the horizon is set to 30% from renewable sources by 2030. In that 
sense, the available power from ocean waves, with estimates of around 3.2∙105 MW when that energy is 
transformed off-shore, reveals itself as a source to which both scientific and technical efforts must be paid. 
Not to mention the combined effects of off-shore waves and wind, which can become a reliable focusing for 
the near future.  
In the previous sense, the Oscillating Water Column (hereinafter OWC) represents one of the wave energy 
conversion technologies to which more research has been devoted during the last decades, with several 
plants in operation at present. In general terms the OWC consists of a partially submerged air chamber, open 
to the sea at the bottom and with a power take off usually consisting of a Wells turbine. The wave action 
induces the compression/expansion of air inside the chamber, and the Wells turbine transform the pneumatic 
power into electricity to be supplied to the grid. While the expected efficiency for OWC devices usually ranges 
close to 40%, actually the observed efficiencies hardly reach 10%. Previous research by the authors have 
revealed that implementation of a real gas model to describe the Thermodynamics of the dry air-water vapour 
mixture inside the chamber, helps explaining the deviations in the observed efficiency from expected values. 
This work advances in study of the OWC performance from the experimental focus, through the testing of a 
simple off-shore OWC device model with a turbine implemented as PTO. The analysis of experimental data is 
enhanced with the implementation of a real gas hypothesis to describe the compression/expansion cycle 
inside the chamber, following previous results. The final goal is to provide guidelines leading to a more 
competitive design of the OWC technology, in which the efficiency improves and the costs deployment, 
maintenance, repair, and replacement are reduced. 
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In this paper, two degree-of-freedom vortex induced vibration (VIV) of a circular cylinder with diameter D = 
0.09 m is studied using a three-dimensional computational fluid dynamics approach. The main objective of 
this study is to investigate the fluid structure interactions (FSI) on the cross-flow VIV responses and the 
corresponding characteristics of the flow field in the wake. Besides that, the VIV response at different flow 
conditions (bulk velocity) is utilized to optimize the hydrokinetic energy extraction. Therefore, the amplitude 
and frequency of the unsteady oscillation of the cylinder are the two main parameters that need to be 
optimized.  
The current fluid-structure interaction problem was solved using the two-way coupled simulations in 
commercial software ANSYS Fluent V.16. Transient structural and flow simulations are coupled in two-way 
data transfer controlled by the system coupling. To accommodate the motion of cylinder, the dynamic 
smoothing and remeshing have been applied. The new mesh configuration is automatically constructed based 
on the displacement of the cylinder. The detached eddy simulation (DES) turbulence model was selected for 
flow simulations at high Reynolds number while for low Reynolds number flow conditions, the laminar model 
was employed.  
In the transient structural model, the cylinder has displacement constrains in the streamwise (x) and 
transverse (z) directions, while the cross-flow (y) direction is free to oscillate. Elastic support is applied on the 
surface of the cylinder and the model also account for the buoyancy and gravitational force.  
The grid independence of the fluid solution is verified for the case of the stationary rigid cylinder for each flow 
condition. The fine grid was selected for the FSI simulation of the elastic cylinder. The FSI simulation has 
duration of 8 s and time step dt = 0.025 s.The inline and cross-flow response amplitude ratios (Ax/D, Ay/D) 
are obtained and analyzed as a function of time. The fluctuating lift and drag coefficients are also calculated. 
A significant increase of the vibration amplitudes is observed with the increase of the bulk velocity, leading to 
the overall increase of the projected power output. The inline and cross-flow VIV response frequencies are 
also found to increase. Detailed validation and analysis of the simulation result will be presented in the full 
paper.
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This paper presents results from hydraulic laboratory tests carried out with four scale models of unlined rock 
blasted tunnels. High-resolution laser scanning data acquired with a terrestrial laser scanner in about 180 m 
long sections of the emptied conduits provided input for the construction of milled miniature tunnels in a 
geometric scale of 1:15. Head losses and friction factors were determined experimentally for a range of 
discharges, and the geometrical roughness of the tunnels was assessed based on statistical analyses of the 
digital elevation models used as input for the milling of the tunnel-models. The high spatial resolution of the 
scale models enabled the detailed quantification of the geometrical roughness pattern associated with 
variations in cross-sectional area resulting from the blasting such as sudden and gradual expansions as well 
as sudden and gradual contractions. The experimental data allowed linking hydraulic losses with these 
topographical features. Based on specific experiments with one tunnel, it is shown that the friction factors 
were smaller when the flow direction in the tunnels corresponded to their driving direction. The data were 
finally used to derive a new formula for the determination of the friction factor based on geometrical 
parameters of unlined rock blasted tunnels that can be obtained from the analyses of high-resolution laser 
scanning data.
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Wind wave backup is one of the main factors to be considered in the design of upper reservoir of sea water 
pumped storage power station. In this paper, a series of model tests are carried out in wind tunnel flume to 
test the formation and evolution characteristics of high-frequency wind waves in small water area and its 
influencing factors, study the corresponding law of wind wave run-up, and put forward the calculation 
method. The results show that the characteristics of wind waves formed by different wind speed levels are 
not the same, and small amplitude fluctuations are formed in the test water area under the condition of low 
wind speed, Under the condition of high wind speed, the characteristics of wind wave will change to low 
frequency and large amplitude wave with the increase of blowing distance, and the characteristic parameters 
of wind wave will not be significantly affected when the water depth is not too shallow; The vertical 
component of wind wave induced run-up increases with the increase of wind speed. After the full 
development of wind wave, the slope and water depth will not have a significant impact on the wind wave 
run-up. Based on this, the calculation formula of wind wave run-up is put forward. Compared with the 
experimental data, the accuracy is good. Relevant results can strongly support the design of upper reservoir 
of seawater pumped storage power station.
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Pumps As Turbines (PATs) consist of hydraulic turbines derived from standard water pumps working in 
reverse, allowing them to generate electricity from pressurized flows. Despite the lower efficiency compared 
to conventional hydraulic turbines, the mass manufacturing process makes PATs several times less expensive 
to purchase and operate. 
Given their ability to work alternatively in both pump and turbine mode, PATs are ideal for Micro Pumped 
Hydro Energy Storage (µ-PHES) schemes which are characterized by an installed capacity lower than 100 kW. 
A single PAT can operate cyclically to pump a volume of water to an upper reservoir using excess available 
electricity and then releasing the same volume of water into the lower reservoir while acting as turbine. The 
principle is well understood and successfully applied for grid-size energy storage, whereas its miniaturization 
and application on a µ-PHES scale is matter of ongoing research. In fact, the main energy storage technology 
currently available in the sub-100 kW capacity market consists of Lithium-Ion batteries to which significant 
environmental burdens are associated. 
The only µ-PHES pilot scheme available in the literature makes use of a conventional “dry” PAT and generator, 
which requires significant civil works since in order to avoid cavitation the powerhouse must be located below 
the water level of the lower reservoir. Instead, the authors propose the adoption of submersible PATs for µ-
PHES projects. The main advantage of this approach is the simplification of the installation layout since a 
submersible PAT can be conveniently lowered down to the bottom of the lower reservoir while the rest of 
the electric equipment can be placed at a different nearby location above ground. 
In order to determine the performance of submersible PATs, a 3 kW prototype was tested on a hydraulic test 
rig and the results showed a turbine mechanical efficiency comparable to that in pump mode (56%), which is 
an important result given the small size of the device. 
A case study of the application of this technology was assessed comprising a hybrid scheme including a PV 
array for an estate located in Ireland. The aim of the case study was to minimise the electricity imported by 
the estate, targeting the net-zero carbon emissions. The site already had an existing water pond of about 
2,200m3 used for an old hydro system, and a 30 kWp PV array. Installing a submersible PAT would allow the 
use of the excess PV energy not consumed to boost water to the pond for storage. This could be then 
transformed into electricity as per the estates needs. The results showed that an 18-kW submersible PAT in 
combination with the existing PV array would decrease the energy imports by around 40%, and therefore the 
electricity bill and CO2 emissions.
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The purpose of this work has been to study a novel concept of spherical turbine for power extraction in pipe 
flow. It consists of a two-bladed vertical-axis turbine with NACA0015 blades. The originality of this novel 
design lies in its ability to drastically minimize the pressure losses induced in the flow by the turbine under 
stationary conditions. A simplified 2D numerical model has been implemented in OpenFOAM. Following a 
sensitivity analysis, a baseline model has been set with about 90,000 cells and y+<1 over the blades. An 
arbitrary mesh interface (AMI) ensures a constant rotational speed of the turbine, with 3,000 time steps per 
revolution. Turbulence is modelled in a RANS approach by the one-equation model of Spalart-Allmaras. The 
numerical model has then been employed for investigating different variations of the turbine design. The 
influence of two of the main design parameters – namely solidity and tip-speed ratio – on the energy 
harvesting performance of the turbine has been characterized. The numerical results suggest that this novel 
turbine could harvest up to more than five times the hydrokinetic energy of the incoming flow. Indeed, a 3D 
numerical investigation should be carried out to account for the curvature of the blades and flow deflection 
by the spherical turbine. Nevertheless, the present study provides a very encouraging first-order evaluation 
of the performance of this novel concept of turbine for power extraction in pipe flow.    
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The Var low valley and its unconfined alluvial aquifer is the main water resource for around 600,000 
inhabitants who live in the French cities and towns near the river mouth, such as Nice and St Laurent du Var. 
Several commercial and residential complexes are planned to be built in the downstream floodplain areas of 
the Var River. This new city is one of the biggest development plans in France intending to host more than 
40,000 inhabitants. As part of its legal commitment to reducing CO2 emissions, the city has outlined a 
roadmap for significant increases in the use of ground source energy for heating and cooling buildings. This 
paper presents an aquifer scale modeling approach to study the impacts of geothermal activities planned for 
several large commercial buildings in the districts of Meridia and Grand Meridia. Due to its short distance to 
the pumping stations used for water supply, therefore, it is very important to study the impacts of these 
projects on the groundwater and consequently on the supply of drinking water. The groundwater flow was 
simulated using MIKE FEFLOW numerical model for the entire aquifer, which covers an area of 146.45 km2, 
with a river length of 22.4 km. Vertically, the model contains the layers of recent alluvium, alluvial terraces, 
Pliocene conglomerate, Pliocene marls, impermeable layer from Miocene to Cretaceous, and the Jurassic 
limestone. The model was able to simulate the hydraulic head with good precision (the Nash Sutcliffe 
Efficiency coefficient of 0.7 and higher). The model was then used to estimate the changes in the groundwater 
table under different scenarios for the planned geothermal projects for thirty years period. For the same 
period, a map of thermally affected areas was also developed to check the sustainability of these projects. 
There were several proposals of reinjection sites and the best solutions were ranked based on the simulation 
results to minimize the impacts on the nearby pumping stations. The model can be used to study the overall 
impacts on the groundwater table for similar projects in the future and to assess development plans on a 
larger scale rather than to focus on each project separately. Therefore, better management of groundwater 
resources will be achieved.
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Power generation directly through hydropower machinery is well known today. Hydroelectric power is a well-
proven and mature technology, relying on a non-polluting, renewable resource that is already naturally 
integrated into all distribution networks. China alone has more than 85,000 micro-hydropowers and micro-
hydropower and it is playing an increasingly important role in the economic development of remote areas in 
these types of countries. Thus, these micro hydro systems can provide energy for industrial, agricultural and 
domestic uses, either by direct harnessing or by coupling the turbine to a generator to produce electricity. 
When the water cycle is analysed, there is great potential for energy recovery. Besides, the use of these 
renewable energies, which are applied to water systems enables an increase in the sustainable development 
and their incorporation into the systems will enable the reach of the different targets of the sustainable 
development goals. One of these hydraulic machines used on micro-hydropower is the pump working as 
turbines (PAT). The PAT selection is similar to a pump when the operation point is known. However, the PAT 
characteristic curves, which for pumps are available for all companies, are not available for use as a PAT and, 
therefore, the user does not have information that allows the selection of such a machine. To do this, the 
user must resort to empirical methods that estimate the best efficient operating point of a machine operating 
as a turbine from its pump mode. This action adds uncertainty to the selection process, particularly when the 
efficiency is estimated. The following research shows a strategy, which enables the estimation of the 
characteristic curves using the best efficiency point of the machine when it operates as pump. This 
methodology estimates the best efficiency point of the machine as turbine, and it enables the definition of 
the characteristic curve of the machine when the geometric dimensions are known. The characteristic curves 
are defined for a nominal rotational speed and the methodology enables the estimation of the different 
operational curves when the machine operates under variable rotational speed. The methodology used a 
database of 181 pumps working as turbines, which allow definig the analytical expressions to estimate the 
different characteristic curves 
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This proposed innovation is framed within the field of hydraulics for water supply with renewable energies, 
focused on the sector of hydraulic pumps for great manometric or energetic heights, powered exclusively by 
photovoltaic solar energy. 
Currently there are no hydraulic pumps for large elevations or load losses, with its series electric motor 
specifically optimized for use with photovoltaic solar energy, through a frequency variator.  
When a hydraulic pump is required, it is supplied with its motor as standard, and its adaptation to operation 
with photovoltaic solar energy is not the optimal possible, since the maximum working range of the hydraulic 
pump should be achieved without putting its mechanical and electrical parts at risk. 
A hydraulic pumping model is proposed, specially prepared to high manometric or energy levels or seawater 
desalination, composed of a hydraulic pump, auxiliary system, and an electric motor powered by photovoltaic 
solar energy, with a special design of the pump-motor-auxiliary system, that allows a higher performance 
than commercial solar pumping systems available at present, taking advantage of photovoltaic solar energy 
with a greater range or with worse weather conditions. 
The use of the proposed system and the disposal of the auxiliary operating elements, allow to make profitable 
water supply facilities, by reducing the size of the photovoltaic solar power plant that supplies energy, or in 
existing facilities to increase the volume of water supplied, improving the efficiency between 15 and 25%, 
compared to conventional design solar pumping systems.  
The system is designed for supplies at great manometric height or desalination of water, in which there is a 
high energy consumption, and in which an increase in performance has an impact on its economic or 
investment viability. For this it is proposed an auxiliary structure of cylindrical shape, where the pump is 
submerged and which will be equipped with an intake from the tank with the appropriate measures to 
produce cooling and proper hydraulic operation, and a specific dimensioning of the motor. 
The model has been tested in a full-scale prototype with the help of an Irrigation Community, resulting in 
savings in energy and equipment size, with an average performance greater than 20% compared to a 
conventional solar pumping.
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Protection for the foot of river banks is generally set for the purpose of countermeasure of erosion to river 
bank. Suspended sediment often deposits around the foot protections over time. The vegetation grown in 
the sediment area provides the ecological habitat. And the vegetation has possibility to increase the 
resistance of foot protection to the running water. It is possible to predict future topographical changes and 
the arrangement effect of the foot protections by simulating the sedimentation transport model around the 
foot protections. In this study, numerical analysis was performed about suspended sand deposition around 
the foot protection “Filter Unit (FU)” in hydraulic experiments and in actual river observations.  
The flow was calculated by two-dimensional model, and the riverbed change was obtained from the 
calculation considered bed load and suspended sand. The calculation result showed a good match about the 
tendency of suspended sediment deposition in both the hydraulic experiment and the actual river.  
In the hydraulic experiment case, the flow velocity decreased in the FU area due to the resistance of the FU. 
Although suspended sand was deposited in low velocity area, no deposition was observed in excessively low 
velocity area, because the suspended sand did not flow in. It was found that a certain flow velocity was 
required for the suspended sand deposition. 
In the actual river case, the suspended sand did not deposit during high discharge period because of high 
velocity even in the FU area. During the low discharge period after the flood peak, the flow velocity decreased 
in the FU area, resulting in the deposition of suspended sand.
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Step-pool systems are hydraulic structures that conquer large river bottom steps. One possibility of 
implementing a step-pool-system can be nature-orientated block ramps. If implemented correctly, these 
hydraulic structures can guarantee the continuity of different fish species and are therefore often used as 
eco-friendly hydraulic structures. For block ramps, three different flow regimes for varying discharges and 
geometric boundary conditions can be observed: (1) basin flow regime, (2) waved flow regime, and (3) 
channel flow regime. The basin and channel flow regimes are well researched, while there is a great gap of 
research for the flow transitions, i.e. the transition from the basin flow to the waved flow and from the waved 
flow to the channel flow regime. The gap of investigation leads to the main problem of unknown flow depths 
and structural forces for the transition processes. When the water depth is calculated for the basin flow 
according to Poleni and for the channel flow according to Darcy, resulting discharge curves will show an 
inaccurate transition area. Due to missing information an adequate description of the rating curve is not 
possible. The present study deals with the flow transition process and includes experimental studies with 
scaled physical models to analyze transition boundaries for various block ramp geometries.
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La Alpujarra is a shire in the meridional slopes of Sierra Nevada range of mountains, in southern Spain. This 
region has particular conditions related to snow, rainfall and water management. New climate change 
scenarios show how vulnerable is this region to climate impacts, specially to those related to water scarcity 
and rise of temperature. Moreover, a complex mix of social clashes and demographic decrease are leading to 
cross-cutting effects that multiply those climate impacts. The ancient Middle-Aged ditches man-made 
network, called "acequias" and its hydraulic management technics represent one of the main hallmarks of 
Sierra Nevada. Beside pasture and orchards irrigation, the acequias traditionaly drove meltwater through the 
hillsides along contour lines reducing its speed and infiltrating water into the upper soil layer. Nowadays the 
management of this network arise as a nature-based solution to improve adaptation in these type of 
watersheds without other water regulation systems. Sierra Nevada National Park and Biosphere Reserve 
(UNESCO) and its rich biodiversity, hosting around 2100 different plant species, of which 65 are unique to the 
area, have much to thank to this network which helps to keep soil moisture in certain areas and to keep active 
springs during the long summer season. It can be said that the acequias constitute an important network in 
regulating the hydrological cycle of Sierra Nevada. The acequias contribute to set an anthropoecosystem and 
they are important in shaping the landscape, reducing erosion, helping to create a network of corridors of 
vegetation, maintaining habitats and microhabitats, deploying recreational pathways, recharging acuifers, 
creating pastures, etc.  But the lack of profitability of this agricultural systems in the current economic context 
threaten many acequias and cultivation terraces and leads to a marginalization and partial abandonment of 
this network, with all its negative consecuencies. The Nechite river basin is a good example to study these 
watersheds due to the existence of resilient elements and its gradual demographic decline. This work presents 
the research results carried on in the Nechite watershed analyzing gauging stations discharge data, borne-
drone images and modelling the potential of adaptation. 
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Vegetation such as salt marshes and mangroves can dampen incoming waves. Therefore, using vegetation in 
front of hard structures is currently seen as an attractive addition to conventional flood defense structures 
(i.e., dikes and levees). However, more research is needed for reliable wave damping predictions, especially 
for woody vegetation. We therefore investigate wave damping through forests by conducting small-scale 
experiments on detailed mimics of pollard willow trees. The small-scale set-up is based on previous large-
scale experiments, which were conducted on live trees. The tree mimics in this work were 3D-printed and 
contained a detailed representation of a real flexible canopy structure. Based on test results with various 
conditions bulk drag coefficients were determined. To this end the number and size of the branches needs to 
be known. Often the estimate of these tree parameters is not known or crudely schematized. As we now have 
a very precise (3D printed) representation of complex trees, we can evaluate bulk drag coefficients for 
different tree structure schematizations. We illustrate the importance of tree geometry, as the calculated 
wave damping for cylinder models (simple tree model) deviates significantly from the measured wave 
damping by the detailed tree mimics. This outcome suggests that a more detailed tree representation is 
relevant for wave damping as the results differ significantly between the two tree models. Furthermore, the 
3D-tree model, which included branch tapering and angles, has the advantage of providing a more realistic 
representation of the forest during small-scale experiments. More importantly, the frontal-surface area 
distribution of these mimics can be determined easily from the simulations. This can improve the results 
obtained from small-scale experiments, which use mimics to represent actual vegetation.
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VERBUND Hydro Power GmbH and Salzburg AG are planning to build a new run-of-river power plant on the 
River Salzach in Austria. With a flow rate of 203 m3/s, the plant is characterized by 
a head of approx. 8.14 m, a capacity of 14.5 MW and the standard energy capacity of around 72 Gwh. The 
planned hydropower plant consists of a weir system on the left bank with two weir fields that can be closed 
with radial segments and attached flaps. The power house, located on the right bank, is equipped with two 
identical machine sets with horizontal axes. The two turbine fields are dammed by flaps and are designed to 
be overflown to ensure sufficient and safe flood discharge.  
This power plant has some special features. Due to the horizontal installation of the vertical Kaplan turbine 
and the necessary horizontal rake, a very well-functioning bedload barrier is necessary in the upstream reach. 
The reservoir has been reduced to a minimum due to ecological requirements. It is limited by a special ramp 
upstream of the power station. In addition to the two classic weir fields, the flood discharge also takes place 
via the turbine fields. The dividing wall in the underwater is not carried out solid, but as a through-through 
component for the turbine water, which, however, must prevent the sediment deposits in the turbine outlet 
in the event of a flood.  
In a hydraulic full model on a scale of 1:40 the Stegenwald power plant with the weir system and the power 
house is examined and hydraulically optimized at the Institute for Hydraulic Engineering and Water 
Management at Graz University of Technology. The final results of these tests will be shown at the congress.
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Climate change projections indicate an increasing frequency and severity of flooding. The City of Sheffield 
(UK) has a history of flooding which is exacerbated in some areas by the canalisation and culverting of long 
stretches of watercourses. 
As there is limited opportunity for engineering intervention in urban rivers, the utility of introducing natural 
flood management in upland urban-fringe catchments is therefore being considered citywide. This approach 
is being explored by assessing changes in the hydrological response of the Limb Brook sub-catchment of the 
Rivers Sheaf and Don. This is necessary since the efficacy of upland spatially distributed intervention measures 
are still subject to a high degree of uncertainty. The review will be undertaken over an extended time-period, 
with the support of the Environment Agency, Sheffield City Council, and the Sheffield and Rotherham Wildlife 
Trust.  
The watershed includes upland moor, coniferous and mixed woodland, grazing pasture, amenity grassland, 
and a small proportion of suburban housing. The study area has high amenity value and significant associated 
biodiversity and landscape heritage. Rain gauges and flowmeters (Lady Canning’s plantation, Whirlow Bridge 
& Limb Bridge) are being installed and the following interventions are planned from December 2021: 
• Interception of run off in Lady Canning’s Plantation (commercially managed coniferous woodland) 
which frequently erodes the public paths. Suspended soil and overland flow are to be diverted to a series of 
small infiltration basins aligned with the contours. These will be created using logs from selective tree felling. 
Increased carbon capture will be an additional benefit as vegetation growth is promoted and erosion of 
organic sediment is reduced.  
• A sequence of circa 30 to 40 leaky log dams along the Limb Valley to attenuate the flow through 
temporary reservoir storage. Floodplain storage will be promoted on the lower more level areas of landscape. 
There will be capture of sediment from soil erosion in the lower Ecclesall Woods, again in the more level 
zones, and potentially from a currently actively eroding Planted Ancient Woodland on very steeply sloping 
land in the Limb Valley. 
• Diversion of extensive field drainage in Whirlow Playing Fields from an outfall pipe to a series of 
attenuation ponds, swales, and with created wildflower meadows and tree planting. 
• Assessment of intervention sites with respect to landscape heritage sensitivity and ecology 
conservation value. Where appropriate there will be carefully planned seeding, planting and management 
regimes. 
• Promotion of public information and citizen science with the engagement of local communities such 
as the Friends of Whirlow Park and the Friends of Ecclesall Woods. 
The designs of the Natural Flood Management interventions and initial monitoring results will be discussed 
at the conference. 
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Grass linings on spillways and waterways with mild to moderate slopes can provide ecological advantages 
such as groundwater replenishment and vegetation growth, while maintaining the functionality of flow 
conveyance. Design of chutes with vegetation and grass linings have mostly been based upon soil erosion 
considerations, and simplified flow resistance models that did not consider free-surface aeration.  
A critical parameter for the hydraulic design of grass-lined chutes is the estimation of flow resistance. The 
flow depth and the depth-averaged velocity are two key parameters that need to be considered in the 
assessment of channel stability and flow resistance. The flow velocities over grass-lined channels are directly 
influenced by the grass canopy drag, and a consideration of the detailed velocity profiles is needed to 
compute the depth-averaged flow velocity. Previously, a four-layered semi-analytical velocity superposition 
model has been proposed for subcritical flow condition, whereas limited information exists on the velocity 
distributions of aerated supercritical flows.  
To address this research gap, the current study re-analyzed a multi-phase flow data set collected in a 
laboratory chute of 10.8 degrees with artificial grass lining, consisting of a wide range of discharges between 
0.031 m2/s and 0.313 m2/s. An additional layer of constant interfacial velocity at the air-water interface 
expanded the four-layered subcritical velocity profile model. Considering the resulting five-layer 
superposition model, an integration of the individual velocity components provided an estimate of the  depth-
averaged velocity. The contribution  of each of the five velocity layers on the depth-averaged velocity was 
tested, for potential simplifications of the integration. This analysis identified dominant velocities in the 
mixing layer and the log law layer, while uniform layer, wake function and free-surface layer had smaller 
contributions. Through comparison, simplifications were suggested to the integration limit of the log-law 
layer and the wake function, leading to shortened explicit equations for mean velocity and friction factor. 
Overall, the present study shed novel insights into the prediction of the mean velocity and friction factor, 
which may assist practitioners in the design of grassed channels without conducting mass field tests. 
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Effective use of land and water resources in agriculture is increasingly important. Additional power is required 
to irrigate land above irrigation canals and incorporate water-saving irrigation techniques. Hydropower 
potential within existing irrigation infrastructure offers an alternative to diesel generators for off-grid 
locations. 
Hydropower in irrigation canals exists at drop structures, and can be induced by introducing weirs to create 
a low head difference around 0.2 m to 1 m. Such ultra-low head hydropower sites are difficult to use however 
since standard hydropower converters are not cost-effective in this range.  
The Hydrostatic Pressure Waterwheel (HPW) was developed at Southampton University for ultra-low head 
situations. It is a straight-bladed waterwheel driven by hydrostatic pressure difference across the blades. 
Theory suggests that efficiencies increase with reducing head difference. Experiments have confirmed the 
theory with efficiencies up to 80% under laboratory conditions. Full-scale prototype tests are required to 
confirm the HPW as a viable hydropower converter. 
In co-operation with aQysta Ltd. (Delft, Netherlands), a full-scale installation was developed for an irrigation 
canal in Hijar, Spain. Flow rates ranged from 0.4 m³/s to 2.0 m³s/1. A 1.0 m high weir was built in the canal to 
generate head differences between 0.2 and 1.0 m, providing a hydropower potential of 0.6 kW to 6 kW. Whilst 
allowing for maximum flow during wheel shutdown scenarios, preliminary laboratory tests showed the HPW 
as a viable solution for this situation. A 24 bladed wheel with diameter 3.55 m and width 0.77 m was designed 
and installed by aQysta. The wheel powered a diaphragm pump that lifted water to a reservoir 30 m above 
the canal to irrigate nearby higher land. 
Tests were conducted in July and October 2020. Total flowrate was approximated from velocity and depth 
readings upstream at a sluice gate. Effective flowrate and input power were determined from RPM and depth 
readings up- and downstream of the wheel. Output power was calculated from readings of pressure, flow 
rate and head loss within the pump network. 
During testing, total flow rates recorded were between 1.1 m³s/ and 2.0 m³/s, with effective flow rates 
through the wheel of 0.1 m³/s to 1.0 m³/s and head differences from 0.18 m to 0.92 m. The power output 
ranged from 0.655 kW to 2.068 kW, with efficiencies of 60 to 80%.   
The site tests showed the HPW allowed for the effective use of head differences as low as 0.18 m. The HPW 
performance reflected the theory and laboratory results, indicating the validity of theory and small-scale tests 
as design tools. Design improvements were identified to increase the proportion of the flow through the 
wheel, and improve overall installation efficiency. The HPW was found to be an effective technology for ultra-
low head hydropower.
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The flow and turbulence structure of the diagonal brush fish pass was investigated in the laboratory and in 
the field. The turbulence structure was revealed by measuring the three-dimensional instantaneous velocity 
fields using Micro acoustic Doppler velocimeter in the fish pass for various discharges. The Darcy-Weisbach 
friction factor was derived from dimensional analysis and experimental measurements. The findings reveal 
the dependence of the friction factor to the relative submergence and the bed slope for the proposed fish 
pass structure for the tested flow conditions. Also, we found a strong relationship between the energy 
dissipation per unit mass ε and the Reynolds number Re. In most of the international standards, it is 
recommended that energy dissipation per unit volume ΔP should not exceed 200 W/m3. But, full-scale 
physical model and prototype measurements reveal that this threshold value is not a relevant criterion for 
brush fish pass. Because a significant proportion of energy dissipation takes place in brush blocks with the 
vibration and bending of bristles which gives rise to energy transfer from the main flow to the bristles rather 
than by the viscosity of the water in an energy cascade process. This energy transfer is depended on the drag 
force and bristle displacement is streamwise direction. Hence, in this case energy dissipation cannot be an 
indicator of turbulence in the same manner of conventional technical fishways. Moreover, with compared to 
the natural type and vertical slot fish passes, spatially-averaged turbulent kinetic energy in the basin reduced 
considerably for the same dissipated power, respectively.  
The measured maximum velocity of 1.5 m/s both in the full-scale physical model and in the prototype 
validates that the brush fish pass meets the requirements of allowable maximum velocity value of 2 m/s 
defined for fish passage structures. Immediately behind the brush block, the time-averaged flow velocity is 
reduced by 70%, but the flow has not separated and no recirculation zone forms. The vertical velocity profile 
behind the brush blocks is not logarithmic related with the flow–bristle interaction. The correlations between 
those hydrodynamic parameters and the measured fish trajectories were examined. It has been shown that 
the reduced velocity and turbulence regions behind the brush blocks constitute important resting sites for 
fish and the macro-scale vortices with vertical axis formed in the stream environment can help fish in their 
upstream migrations. Underwater video recordings, conducted in the laboratory and in the field, show that 
fish occupied positions with energetically hydrodynamic conditions that are likely to minimise swimming 
costs. It is suggested that S-shape flow structure and horizontal turbulent momentum exchange that matches 
the body undulation of the swimming fish can be beneficial for fish passage. 



Theme 4 

Hydraulic structures 
 
 

LIDAR measurements of air-water flows in a creek 

Ms. Rui Li1, Dr. Kristen Splinter1, Dr. Stefan Felder1 

1Water Research Laboratory, School of Civil and Environmental Engineering, UNSW Sydney, Sydney, Australia 

Theme 4: Hydraulic structures (8), Seminario 3+4+5, junio 23, 2022, 12:00 - 13:30 

Accurate measurements of the free-surface of air-water flows are a challenge due to the strong entrainment 
and entrapment of air caused by the flow’s violent nature and large spatial and temporal variability. Best-
practice air-water flow instrumentation such as phase-detection intrusive probes only take measurements at 
fixed locations. The use of such instrumentation at prototype scale also remains a challenge, while prototype 
data are needed for validation of laboratory-developed design approaches, as well as physical and numerical 
models. Herein, remote sensing technology such as video cameras and LIDAR technology provide new 
opportunities for safe and reliable collection of air-water flow data in the field, as well as more detailed spatial 
and temporal observations at laboratory scale that can improve fundamental understanding and engineering 
design. With previous advancements in the use of LIDAR technology for free-surface observations in a range 
of air-water flow phenomena at laboratory scale, this paper explores LIDAR technology in field measurements 
at a low-head weir and a river rapid in a creek. The LIDAR was able to capture the strong free-surface motions 
in the aerated flows and was able to produce mean free-surface profiles in aerated and non-aerated flow 
regions. Combining several transects of LIDAR measurements produced 3D channel bed and free-surface 
maps that were consistent with the observed flow patterns. The successful field measurements confirmed 
the suitability of LIDAR technology for continuous free-surface measurements in field conditions paving the 
way for LIDAR applications at larger hydraulic structures.
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In 2021, the first artificial surf wave on a river in Bavaria was built and put into operation using the modular 
ramp concept. This technology was developed at the hydraulic engineering laboratories of the Technical 
University of Munich and the University of Innsbruck. In addition to the usability and attractiveness of the 
surf waves, the safety of the athletes is also a particular focus here. Standing surf waves on rivers near 
European cities can make an important contribution to climate protection. Local and regional spots offer a 
high level of attractiveness without long travel distances. This is highly relevant for the greenhouse gas 
balance of this concept. The paper and the presentation will present the technical development, the practical 
concept and the overall ecological facts. Particularly exciting is the comparison between the data from the 
laboratory tests and the first measurement results at the recently completed surf facility in Bavaria.
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The description of the flow over a dam spillway into a plunge pool stilling basin is complex and the flow 
patterns in the pool has great interest to better access the behaviour of the flow and improve their design. 
Foz Tua arch dam constructed in the Tua river, a right tributary of Douro river in Portugal, owned by EDP S.A. 
is a hydraulic infrastructure of this kind. The spillway is located in the central part of the dam with four 
separate spans controlled by gates designed for flood of 5500 m3/s and checked for the flood of 6500 m3/s. 
The plunge pool is located downstream of the dam 108 m height. 
 
The use of 3D numerical model becomes common in hydraulic water structure engineering as long as 
knowledge of the correct geometry is available. 
 
In this work, tools based on UAV images to construct a hydraulic infrastructure geometry to be used for 
numerical modelling are presented. The velocity, pressure field and surface profile of the flow from a 
reservoir, falling through a spillway into a plunge pool is investigated with OpenFOAM.  
 
UAV and aerophotogrammetry tools (Phantom 4 Pro, RTK Antena GPS D-RTK2, DJI Agisoft Meta Shape 1.53) 
allow referenced images acquisition from different points, which can generate 3D point cloud models, 
producing stl files ("Standard Triangle Language" or "Standard Tessellation Language"). Stl geometry after 
being checked against the project draws was used to construct meshes from different sizes and different 
combination of gate opening, using Salome 9.3.0, openFOAM blockMesh and snappyMesh, and paraview.  
 
The hydraulics of the real dam discharge over spillway was reproduced using OpenFOAM®v.18.12 within 
interFoam solver, which considers a Volume of Fluid (VOF) model that uses a single set of Navier Stokes 
equations for both fluids considered isothermal, incompressible and immiscible and an additional equation 
to describe the free-surface. The turbulence was described within RNG k-ε Reynold’s averaged Navier Stokes 
equation, which is known to be the best RANS modelling choice for predicting water elevation and velocity 
profiles. Each simulation was run for 100 s to reach steady state conditions.  
 
Simulations show the discharge crossing and leaving spillway with the movement of the trajectory in the air 
and the jet entering the water mattress downstream, generating strong turbulence. The velocity decreases 
when it penetrates the waterbed, but the jet remains strong, pushing the water away from the basin. Part of 
the kinetic energy of the water jet is converted into pressure energy, which extends to the bottom at the 
downstream limit of the basin. Case study allows to conclude that RANS CFD approach is an appropriate 
methodology to evaluate flow partition and energy dissipation from jet entering plunge pool to surface flow 
downstream dam. 
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Predicting the efficiency of plunge pools in dissipating the dynamic energy of impinging high-velocity jets of 
free spillways is essential for assessing the stability of the bed and subsequent scour depth. In this study, a 
large-scale physical model is developed to assess the energy dissipation of the plunge pools at the bottom. A 
wide range of hydraulic conditions including impinging jet velocity and plunge pool water depth is considered, 
resulting in plunge pool Froude number FrP up to 8 which is in the prototype range (FrP=Vj/(gY)0.5, where, Vj 
is jet velocity at impact on pool surface, g and Y are acceleration due to gravity and water depth, respectively). 
The hydrodynamic pressures mean and fluctuation at plunge pool bottom are measured at the impinging jet 
centerline (stagnation point, SP). Buckingham theorem is applied to introduce non-dimensional parameters, 
among them is the plunge pool efficient parameter (η) which relates the mean hydrodynamic pressure head 
at the bottom and the kinetic head due to jet velocity at the plunge pool water surface. Results indicate that 
η varies between 0.1 and 0.95 depending on the magnitude of Y/Dj (Dj is jet diameter at water surface) and 
FrP. The multiple nonlinear regression-derived model (MNLR) are developed to predict the efficient 
parameter of plunge pool (η). Statistical analysis of empirical model indicates that the energy dissipation is 
accurately predicted by the model, the average values of RMSE and R2 are 0.04 and 0.95, respectively. The 
model can be applied in practice for the preliminary design purposes.  
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Air-water flows commonly occur in hydraulic structures such as spillway chutes and low-level outlets. In these 
high-velocity flows, air entrainment is a dominant feature and must be considered for a sound design of these 
safety-relevant appurtenant structures of reservoir dams. Numerous fundamental studies have shed light on 
the entrainment process, micro- and macroscale air-water flow properties as well as two-phase turbulence 
since the landmark publication of Straub and Anderson in 1956. Detailed design guidelines were developed 
for smooth and stepped spillways as well as low-level outlets. However, due to their empirical nature, most 
of these guidelines are limited to specific cases studied in laboratory scale models. Consequently, scale effects 
remain a common issue in air-water flow research as they possibly affect the extrapolation of laboratory-scale 
mass and momentum transfer processes to prototype scale. While Reynolds numbers exceed 10⁷ to 10⁸ in 
prototypes, most laboratory studies have been conducted at 10⁴ to 10⁶. Data for Reynolds numbers in the 
order of 10⁷ are scarce and a thorough validation of air-water flow research is thus missing. 
In the present study, we acquired unique data of detailed air-water flow properties in a prototype tunnel 
chute with Reynolds numbers up to 2.2∙10⁷. To this end, an array of 16 double-tip conductivity phase 
detection probes was installed towards the downstream end of the 38° tunnel chute at the 225 m high 
Luzzone Dam in Switzerland. The measured raw voltage signal was post-processed using the recently 
developed adaptive window cross-correlation technique to obtain air concentration, particle frequency and 
particle chord times as well as interfacial velocity time series. Additional statistical analyses allowed to 
uncover information on the droplet size distribution in the spray flow region.  
The results indicate that the air concentration distribution compares well with existing semi-empirical 
advection diffusion equations. The time-averaged velocity distribution follows the typical power law 
distribution previously observed for laboratory scale data. Bulk properties of engineering interest such as the 
depth-averaged and bottom air concentrations and the Darcy Weisbach friction factor are within predictions 
of empirical relations developed for laboratory-scale data. This finding is important since it suggests that 
laboratory-scale design approaches can be applied to prototype-scale structures up to at least 2.2∙10⁷. 
However, the measured droplet size distributions revealed significantly smaller particle sizes compared to 
laboratory-scale data, supporting our working hypothesis. For the studied flows, the particle size showed a 
continuous decrease with increasing bulk Reynolds numbers up to 2.2∙10⁷. This finding may have important 
implications for mass and momentum transfer processes such as air demand in outlet structures or flow 
oxygenation in energy dissipators. 
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Spillways are anthropogenic obstructions that significantly impact the downstream migration of fish to their 
spawning grounds. Hence, it is important to understand the influence of spillway geometry on flow hydraulics 
and fish behavioral responses. The hydraulic environment generated by the commonly used 90° standard 
spillway designs may provide limited opportunities for timely fish migration.  A comprehensive investigation 
of different spillway geometries, which generate beneficial hydrodynamics for effective fish passage, is 
lacking. The goal of the present study is to understand the effects of spillway geometry on hydrodynamic 
fields and relate pertinent characteristics to swimming ability, responses, and safe passage of fish. 
Three different geometries, including the 90° standard spillway as well as versions with modified angles of 
inclination of 45° and 30°, were used to examine effects on hydrodynamics. The turbulence characteristics 
upstream and over the three spillway geometries were experimentally investigated using particle image 
velocimetry in a recirculating open channel flume with streamwise length, spanwise width, and vertical height 
of 6.00 m, 0.60 m, and 0.45 m, respectively. The upstream water depth and spillway height were kept constant 
at D = 0.21 m and h = 0.15 m, while the oncoming flow velocity was set to Ue = 0.162 m/s. This resulted in a 

Reynolds number based on spillway height (Re = Ue h/ν, where ν is the kinematic viscosity of water at 20℃) 

of 24300 and a Froude number based on the upstream water depth (Fr = Ue/√gD) of 0.113. The results are 
analyzed in terms of mean flow topology, Reynolds stresses, and turbulent kinetic energy.  
Contours of the mean streamwise velocity show that the magnitudes over the spillways increase as the angle 
of inclination decreases. An elevated region of positive mean vertical velocity is observed upstream of the 
crest due to the upward deflection of the flow, followed by a sudden change in sign to negative values, which 
is attributed to the descent of the flow over the crest. 
The streamwise Reynolds normal stress and vertical Reynolds normal stress also show a reduction in 
magnitude over the spillway as the angle of inclination decreases. Meanwhile, elevated regions of Reynolds 
normal stresses are concentrated close to the crest of the spillway. 
The mean spanwise vorticity is used to examine the orientation of the eddies. Similar to Reynolds stresses, 
the mean spanwise vorticity shows a decreasing pattern as the angle of inclination decreases. Notably, the 
upstream vortices become weaker for the modified spillways. 
In the final paper, the spatial acceleration, turbulent kinetic energy, and strength and size of the large-scale 
eddies are further examined to highlight the effects of spillway geometry on hydraulics upstream and over 
spillways.
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The lack of investment in supply networks for renovation is another problem, when it comes to guaranteeing 
the sustainability of our most important natural resource, water. Currently, most pipeline renovations in 
distribution networks are corrective rather than preventive. This leads to cost overruns and poor 
management of resources. Thanks to advances in computational models aimed at asset management, it is 
possible to generate a decision support system when renewing networks, based on technical criteria, which 
also justify the necessary investments in the network.
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Internal erosion, also known as piping, is one of the most important causes of earth-fill dam breaks. According 
to the U.S. Department of the Interior Bureau of Reclamation almost 30% of dam failures are due to piping. 
Many researchers dealing with numerical analyses in this area make some simplified assumptions about the 
shape of the breach and the discharge of water flowing through the breach. In the scope of the project 
supported by the Scientific and Technological Research Council of Turkey, an experimental system was 
designed and built at Izmir University of Economics. The aim of the project is to investigate the mechanism of 
the breach resulting from the piping in earth-fill dams. This study consists of experimental and numerical 
studies in order to provide data needed to perform numerical analyses with more realistic approaches. A dam 
with a height of 0.6 m, a bottom width of 2 m and a crest width of 0.20 m was built in a flume 1 m wide, 0.81 
m high and 6.14 m long. Before the construction of the dam, some common soil mechanics tests were carried 
out. The dam was constructed by using a mixture consisting of 85 % sand and 15 % clay. The permeability of 
the sand which has a mean diameter of 0.325 mm was found to be k= 4.66x10-4 cm/sec. A circular tunnel 
with a diameter of 2 cm was created along the centreline at 6 cm below the dam crest. In the closed system, 
water was pumped from the lower reservoir to the upper channel. The water level was adjusted by means of 
an electromagnetic sensor so that the pump starts and stops when water depth in the channel was 0.54 m 
and 0.56 m, respectively. The dam was constructed layer by layer. Each layer of 14 cm was compacted so that 
its thickness becomes 10 cm by using Proctor hammer and plate. Flow rate of water delivered by the pump 
was measured by magnetic flow meter. Six cameras located at different locations recorded the evolution of 
the dam failure. Gauss Area formula was applied to determine the time-varied of the breach areas at 
upstream and downstream sides. The discharge of water through the breach and average flow velocity were 
determined by using the continuity equation. The changes in water depth in the channel were also recorded. 
The experimental findings were evaluated and interpreted using the numerical results based on the three-
dimensional finite element analyses, obtained from the software PLAXIS-3D. 
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Anthropogenic obstructions such as dams with Spillways have adverse impacts on the aquatic habitats and 
affect the downstream migration of fish. During the migratory cycle of fish, water levels encountered at 
spillway entrances vary significantly. It is therefore important to understand how changing the water depth 
over spillways influences hydrodynamic fields and fish behavioral responses. The goal of the present study is 
to understand the effects of water depth on the hydrodynamic characteristics of the commonly used 90° 
standard spillway, and relate them to swimming ability, response, and safe passage of fish. 
The effects of water depth on the hydraulics upstream and over a 90° standard spillway were experimentally 
investigated using particle image velocimetry in a recirculating open channel flume with streamwise length, 
spanwise width, and vertical height of 6.00 m, 0.60 m, and 0.45 m, respectively. The spillway height was kept 
constant at h = 0.15 m and three different upstream water depths, D = 0.245 m (D/h = 1.6), 0.210 m (D/h = 
1.4), and 0.180 m (D/h = 1.2) were investigated. The oncoming flow velocities were set to Ue=0.308 m/s, 
0.162 m/s, and 0.069 m/s, which corresponded to Reynolds number based on spillway height (Re = Ue h/ν, 

where ν is the kinematic viscosity of water at 20℃) of 46200, 24300, and 10350, respectively. The Froude 

number based on the upstream water depth (Fr =  Ue/√gD) was 0.199, 0.113, and 0.052. 
The mean streamlines show a recirculation bubble at the foot of the spillway for all tested water depths. 
However, the recirculation bubble is apparently larger for the lowest water depth, with separation occurring 
1.5h upstream of the foot of the spillway for D/h = 1.2 and 0.6h for D/h = 1.6 and 1.4. Contours of the mean 
streamwise velocity show that the magnitudes over the spillway increase as the water depth decreases. An 
elevated region of positive mean vertical velocity is observed upstream of the crest due to the upward 
deflection of the flow, followed by a sudden change in sign to negative values, which is attributed to the 
descent of the flow over the crest. 
The streamwise Reynolds normal stress and vertical Reynolds normal stress also show an increase in 
magnitude over the spillway as the water depth decreases. Meanwhile, elevated regions of Reynolds normal 
stresses are concentrated close to the crest of the spillway. 
In the final paper, the spatial acceleration, turbulent kinetic energy, and strength and size of the large-scale 
eddies within the flow field are further examined to highlight the effects of water depth on hydraulics 
upstream and over the spillway.
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Large wood (LW) provides fundamental functions in rivers, by influencing hydraulics and morphology, LW 
produces diverse habitats and plays a relevant role in fluvial ecology. However, large quantities of LW 
transported during floods may accumulate at dams. Accumulated wood may create obstructions, reducing 
the discharge capacity of the spillway, and cause undesired higher water levels in the reservoir. Potential 
solutions to these problems are, to redesign or adapt the spillway to allow wood passage, or, to retain and 
extract the wood mechanically. Besides the LW-related management issues, dam reservoirs are also unique 
observation windows to analyse this wood. As there are not measuring stations to do so, wood accumulated 
in the dam reservoirs provides an opportunity to better understand LW dynamics in river basins, determining 
its origin and fluxes. The Génissiat dam located in the Rhone River in France, 50 km downstream from the 
Geneva Lake, is a unique example. 
The arriving LW at Génissiat comes mostly from two tributaries, the Arve and the Valserine, and it is fully 
trapped in the reservoir, because the dam has no gates on the surface, and the managing company (the 
National Company of the Rhone) must mechanically remove it.  
Since 1990s the dam managers recorded the amount of wood that was extracted from the reservoir and in 
1999 two pioneer surveys at the wood pile were carried out to characterize the type of wood (i.e., wood size, 
wood status, tree species). Since 2013 wood surveys are done periodically and were enhanced to include 
measures of wood density and wood chemistry, and forest characteristics. The goal of these surveys is to infer 
wood origin (i.e., identifying where the wood comes from) and compute wood fluxes (i.e., wood volume and 
its relationship with water discharge), improving the understanding of wood dynamics at the river basin scale. 
In addition, we compared instream wood characteristics with those of green wood, to better understand the 
influence of aquatic environments in LW.  
As one may expect, we observed that in general larger floods contributed with larger wood volume, but we 
also observed that similar hydraulic conditions resulted in a wide range of LW transport rates. Peak discharge 
is not the best predictor and other variables such as the flood origin, duration, volume and frequency need 
to be considered as well as inter-flood period length or characters. Our results showed that LW quantity 
arriving at the reservoir depends on the contribution from each tributary, the wood availability related to 
antecedent floods and the forest stand status.   
Our findings do not only apply to the Rhone but can be easily extrapolated to other rivers and help designing 
management strategies. We thus call dam managers to collect, store and facilitate data. 
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Portuguese rivers have more than 8000 small barriers (< 5 m high), of which low-head ramped weirs are one 
of the most common designs. The negotiation of these weirs, where water passes over the ramp but does not 
generate a waterfall, is usually site- and species-specific, being often insurmountable for fish due to excessive 
velocity and/or insufficient depth along the ramp. The addition of substrates (retrofitting), couple with 
variations in flow discharge to make them more friendly for fish passage, is an issue of increasing interest, 
though few studies have been performed so far. The aim of this study was to evaluate the performance, 
assessed through the number of fish approaches, attempts and successful negotiations, of an experimental 
low-head ramped weir (3.00 m long x 0.60 m wide) to enhance passage of a cyprinid potamodromous species, 
the Iberian barbel (Luciobarbus bocagei). Special attention was given to test the effects of substrate 
placement (i.e. cobble, 100-300 mm; RD) and discharge (Q) on fish passage performance, by testing two 
configurations: i) a Control (no substrate), and ii) a retrofitted scenario (Nature), with cobbles randomly 
embedded on the bottom of the ramp, both ran under two different Q (55 and 110 L.s-1). Each combination 
of RD and Q was replicated 20 times, using individual adult fish (n = 80 fish). Results showed that the total 
number of approaches, attempts and successful negotiations increased significantly under the Nature 
scenario (PERMANOVA, RD: F = 3.9, P < 0.05), and with the decrease of Q (PERMANOVA, Q: F = 26.9, P = 
0.001). Transit time (T) and fish effort (measured by lactate content from blood sample; LA) were Q-related 
(PERMANOVA, T: F = 16.5, P = 0.001; PERMANOVA, LA: F = 4.4, P < 0.05) registering, with increasing Q, an 
increase of T, and a decrease of LA due to the reduction of fish movements by more than 50%. These 
outcomes may help to design more efficient passage structures for potamodromous fish and restore 
connectivity at these small barriers.
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Several studies demonstrated that hydraulic phenomena are the most common cause of collapse for river 
bridges. Among them, scour is the predominant mode of failure during a flood. Historical evidence of river 
bridge failures has raised the attention of the technical community on hydraulic processes. In this study, a 
database of 146 bridges which collapsed for hydraulic processes was built i) to calculate the bridge failure 
rate in Italy, ii) to discern the incidence of the type of hydraulic phenomenon, and iii) to understand which 
are the parameters that make a bridge more susceptible to failure. The analysis of bridge failures confirmed 
scour as the primary mode of failure. However, river planimetric dynamics played a relevant role as well. 
Finally, the length of the bridge and the drainage basin area were revealed as two paramount parameters for 
hydraulic bridge susceptibility to collapse.
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Chute aerators are a measure to add air into the water flow to prevent downstream cavitation damage. With 
the development of hydraulic engineering in China, high-head dams are going to be built at high altitude areas 
of 3,000 meters and above. For hydraulic engineering constructions in high altitude areas, the effects of 
decreasing atmospheric pressure and rarefied air on the aeration efficiency are unknown. This may increase 
the hydraulic damage risk of high-speed flow in high altitude areas. In the present study, the effects of the 
atmospheric pressure on aeration performances in chute aerated flows are studied experimentally. Using a 
pressure-reducing tank, detailed subpressures in the air cavity and air entrainment discharges are measured 
for different atmospheric pressure conditions. The test results show that when the approaching flow Froude 
Number ranging from 4.47 to 6.93, as the atmospheric pressure decreases, the pressure difference between 
the inside of the cavity and atmosphere decreases gradually. This results in a reduction in the airflow velocity 
in ventilation shafts, and the air discharge decreases due to the atmospheric pressure decrease. The air 
discharge reduction can reach approximately 64.5% to 73.56% with an atmospheric pressure decreases from 
96 kPa to 6 kPa. The effects of atmospheric pressure on the air ventilation coefficient and the air density 
variations are discussed. For the air density change due to the atmospheric pressure decrease, the ventilation 
coefficient gets reduced gradually from 0.76 to 0.31 with an atmospheric pressure decrease on the scope of 
experimental conditions, and an empirical relationship between the atmospheric pressure and ventilation 
coefficient is proposed. Compared to the normal atmosphere condition, the chute aerator of the same size 
has less air entrainment in high altitude areas, and the air entrainment capacity decays because of the lower 
atmospheric pressure. Therefore, the findings of experimental tests emphasized the improvement of the 
design of chute aerators and air supply systems in high altitude area.
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Recent floods demonstrated an increased transport of large wood (LW) in rivers. LW is, therefore, prone to 
accumulate at river infrastructures, for example at bridge piers. Such LW accumulations can increase the 
upstream water level and may pose additional structural risks. To predict the probability of LW accumulations 
at bridge piers, various studies have investigated the phenomenon using flume experiments with a model 
scale factor in the range of λ = 10…50. However, up to now no field tests at the prototype scale (λ = 1) have 
been performed to validate their results. To close this gap, the accumulation process of individual logs at a 
single bridge pier was investigated in a field test at the prototype scale. The objectives were to validate the 
results of recent flume experiments conducted at the Laboratory of Hydraulics, Hydrology and Glaciology 
(VAW) at ETH Zurich and to improve the process understanding of LW accumulations at bridge piers. The field 
test was performed at the River Glatt in Switzerland (Canton Zurich). A total of 65 wooden logs with an 
average log length L = 4 m and diameter dl = 0.2 m were added to the river 10 m upstream of a circular bridge 
pier with a pier diameter of dp = 1.2 m. Similar to the flume experiments, the logs were added perpendicular 
to the main flow direction to hit the bridge pier at its centerline. We recorded and analyzed the transport and 
accumulation behavior of each log. A comparison of the prototype log movements with the flume 
experiments revealed that the accumulation process is very similar for both scales. The field observations are 
supported by a comparison of the wood accumulation probability. In the field, a total of 24 logs accumulated 
at the bridge pier. The resulting accumulation probability of p = 24 / 65 = 0.37 corresponds well to the 
predicted value of p = 0.44 based on the flume experiments. In addition to the validation of scale model tests, 
the field test provides new insights in the accumulation process of single logs at bridge piers. Based on the 
field observations, we analyzed the maximum duration between the impact and the separation of the logs 
from the pier. Furthermore, we derived a simple criterion based on the acting forces and moment equilibrium 
to explain why a log accumulates at a bridge pier. The results of the field test can, therefore, contribute to a 
better understanding and predictability of LW accumulation processes at river infrastructures and their 
associated risks.  


