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The recent increase in use of surgical facial masks and PPE has magnified microplastic pollution in natural 
waters. When plastics are degraded into smaller particles, they are easily absorbed and transported onto 
various ecosystems. Since freshwaters transport a majority of plastics from the land to the sea, with 
accumulated plastics causing detrimental effect on aquatic biota along the way, we seek to develop an 
efficient microplastic management strategy by thoroughly understanding the transport mechanism of such 
particulate matter in water. Common obstacles in freshwater such as branches, logs and hydraulic structures 
are identified as local hotspots of microplastics. Hydrodynamic analysis of these locations provides a more 
efficient approach to capture and redirect plastics in freshwater ecosystems by predicting particle behaviors 
at different flow conditions. As an effort to identify flow characteristics creating hotspots of particles, we 
analyze the transport of neutrally buoyant particles when obstacles are installed in various configurations in 
a laboratory setting. The transport mechanisms of particles are analyzed depending on obstacles’ dimensions 
and the spacing between neighboring obstacles when flow obstructions are located: (a) on the bed, and (b) 
at the free surface. 
We conducted experiments on a closed-loop racetrack flume, using Particle Tracking Velocimetry (PTV) to 
track the transport of neutrally buoyant particles and Particle Image Velocimetry (PIV) to identify specific 
mean and turbulent conditions that determine particle retention or redirection. The spatial and temporal 
analysis of two-dimensional velocity fields yields valuable information on flow-structure-particle interactions 
and their response to changing hydrodynamic conditions due to different obstacle configuration. We expect 
current study to provide an efficient microplastic management strategy in freshwater ecosystem based on 
the : 1) prediction of plastic accumulation zones for monitoring or their removal in streams, and 2) effective 
design of artificial traps to target specific plastic materials without affecting transport of stream organisms. 
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The present study deals with the hydraulic and fish-biological performance of an innovative curved-bar rack 
bypass system (CBR-BS). CBR is a mechanical behavioral fish guidance structure typically combined with a BS, 
that was developed at VAW of ETH Zurich for safe downstream fish passage at hydropower plants. A 
hydraulically optimized CBR with a full-depth BS was tested with six European fish species, namely, spirlin, 
nase, barbel, Atlantic salmon parr, brown trout and European eel in an ethohydraulic laboratory flume. The 
approach flow velocities were 0.50 and 0.70 m/s and the velocity ratios (VR) of mean bypass inlet velocity to 
mean approach flow velocity were 1.2 and 1.4 for each flow velocity, resulting in four different hydraulic 
conditions. The flow field around the CBR-BS was numerically simulated for each hydraulic condition with a 

CFD model. The simulation results show that the velocity gradients between the curved bars and up to ∼40 
mm upstream from the rack are high. The live-fish tests showed that such high velocity gradients triggered 
an avoidance reaction of spirlin, nase, barbel, salmon parr and partly brown trout, but not of eel. Fish guidance 
and protection efficiencies of the CBR-BS were higher than 75% for spirlin, barbel, nase and Atlantic salmon 
parr, whereas they were lower than 75% and 50% for brown trout and European eel, respectively. Increasing 
VR from 1.2 to 1.4 significantly decreased the number of bypass passages underlining the importance of 
bypass design. Recommendations for an optimized and economic CBR-BS design are given.
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Hybrid fish protection systems are based on the combination of mechanical barriers and behavioural barriers. 
They enable very effective fish protection even with screen bar spacing of several centimetres. This 
technology makes it possible to avoid very fine rakes with bar spacing of a few millimetres. This prevents 
operational problems and reduces hydraulic losses. The University of Innsbruck and the start-up company 
HyFish from Innsbruck have developed this technology. For this purpose, extensive research work and tests 
with live fish have been carried out in the past years. The first project has already been realised in Italy. Further 
projects are in preparation. In autumn 2021, ethohydraulic tests were performed for this purpose at a test 
facility in Austria. The technology is suitable, for example, for use in reservoirs at dams, for the inlets at 
pumped storage power plants and at the inlets for cooling water systems of thermal power plants and nuclear 
power plants. The paper and presentation will present important results of the development work, technical 
details of the pilot projects and current results from the ethohydraulic tests. In addition, an outlook on 
numerous applications in practice will be given. Of particular interest is the presentation of the path of an 
innovative idea from the first pencil strokes through several years of scientific work to the first real project.
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In the near future, the operating conditions of hydropower plants in the Nordics are expected to change, in 
order complement expansion of intermittent power production such as solar- and wind-power. This in turn 
might increase the amount and frequency of short-term flow regulations events, so called hydropeaking. In 
recent years, hydropower’s effect on local ecosystems has drawn much attention. Especially hydropeaking 
has been shown to affect the ecosystems and induce morphological changes in the reach downstream 
hydropower plants. In order to assess the potential impact of a change in operating conditions, different 
numerical models can be used to examine the downstream reach when subject to potential future operating 
conditions. In-flow parameters, such as depth and velocity, can be predicted by using numerical 
approximations of the Navier-Stokes equations in either one-, two- or three-dimensions. These modeling 
approaches have different advantages and disadvantages. In this work the uncertainties that arise naturally 
from field measurements and numerical modelling, and how it might affect in-flow parameters, specifically 
variables frequently used in ecohydraulics, with special emphasis on 2D models was investigated. The flow in 
a regulated reach was here modelled with the open-source hydrodynamics solver Delft-3D. A stretch of the 
river Umeälven in northern Sweden was modelled based on bathymetry measurements from a multibeam 
sonar. The model was calibrated with measured water levels and validated with ADCP velocity measurements. 
The results show that the model is significantly dependent on the calibrated roughness. Additionally, it is 
shown that 2D models might be insufficient for some ecohydraulical applications. Lastly, a discussion on the 
merits of one-, two and three-dimensional models is presented.
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Rivers are affected by a vast number of artificial barriers that block fish movements within river networks, 
preventing several freshwater dependent fish species from completing their life cycle. Fish need to be able to 
volitionally displace along river networks as their feeding, refuge and spawning habitats are spatially and 
temporally separated. This impossibility of free movement may result in within-population genetic 
homogenization, density reduction and potential extirpation, affecting metapopulation, and -community 
unbalance and disappearance. Altogether, this will lately contribute to species extinction and loss of 
community functional resilience, and, ultimately, disturbing ecosystems processes. Fishways are by far the 
most common approach to facilitate fish navigation along rivers, of which the most usual design is the pool-
type fishway. Among these, the vertical slot fishways (VSF) are considered the best technical solution, because 
they remain operational even with fluctuating water discharges and allow fish to negotiate each cross-wall at 
their desired depth, catering to species with different ecological requirements. In this work, we have 
conducted a meta-analysis of published data on VSF for cyprinids native to Mediterranean river systems. We 
used Bayesian Generalized Mixed Models because they enable constructing models while accounting for 
random effects of non-controlled factors that may influence the model outcome, a valuable advantage when 
aiming to perform joint analyses of datasets with inherent data dependencies. The results demonstrate that 
it is possible to integrate outputs for different experiments, conducted in different years and seasons, and for 
different fish species. Results also show how fish size, regardless of species, is a strong predictor of fishway 
negotiation success. Overall, multiple slot fishways with one orifice proved to be the best solution, regardeless 
of fish species, and for all fish sizes. To improve the design of holistic fishways, future experimental studies 
should be focused on smaller fish and small fish species. Design guidelines for holistic fishways will benefit 
from this integrative approach, allowing for more effective connectivity solutions. 
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Hydropower plants that operate in hydropeaking to respond to electricity demand, introduce rapid and 
artificial flow fluctuations in the downstream river system. These can alter the river hydromorphology 
ultimately affecting downstream habitat availability and biological processes. Fish habitat selection during 
rapidly changing flow conditions remains poorly understood, especially at the reach system scale. The 
objective of this study was to relate fish habitat use with the hydrodynamic conditions after a peak event has 
occurred. To understand the role of flow changes on fish habitat selection at this spatial scale, we 
characterised the hydrodynamic conditions of specific habitats along a 140 m northern Iberian river reach 
located downstream of a small hydropower plant. After tagging 134 cyprinids (Pseudochondrostoma duriense 
n = 108; and Squalius carolitertii n = 26) with passive integrated transponders, fish were tracked using a 
portable telemetry antenna for five consecutive days, immediately after the peak events. The peak discharge 
fluctuated between 1-2 m3/s. The total detection rate was 67%, of which 77% were P. duriense and 23% were 
S. carolitertii. To characterise the hydrodynamic conditions, we selected representative areas of fish 
presences and absences, upstream and downstream of the HPP. Grounded in the functioning of the 
mechanosensory lateral line system, the hydrodynamic conditions were measured with an artificial analogue, 
the lateral line probe. Three derived pressure variables were selected: mean front pressure, mean pressure 
fluctuations, and mean pressure asymmetry. These are related to the streamwise flow velocity, turbulence 
intensity, and asymmetric fluid-body interactions. Preliminary results indicate that fish presences were 
associated with lower fluctuations and asymmetry. The highest fluctuations and asymmetry were observed 
in areas where fish were not detected, whereas both presences and absences occurred in the whole range of 
mean front pressure. With this study, we expect to provide novel insights regarding the role of the 
hydrodynamic conditions at the reach system scale for habitat selection by small-sized cyprinids affected by 
hydropeaking. In addition, we expect to demonstrate the utility of using this biomimetic technology to 
understand the importance of the hydrodynamic environment and propose habitat enhancement solutions.
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Freshwater mussels play several important roles for stream ecology (e.g., for nutrient transport and nutrient 
availability, transport of contaminated sediments). However, the flow structure at the mussel scale and, in 
particular, the role played by large-scale turbulence generated by the emerged part of the mussel are still to 
be elucidated. Understanding the dynamics of the coherent structures and their effect on mean flow, 
turbulence and sediment entrainment provides additional information on how partially-buried mussels affect 
the structure of the bottom boundary layer. Information on how the angle of attack and the strength of the 
active filtering (e.g., mean volumetric discharge through the excurrent and incurrent siphons) affect mean 
drag forces on the emerged part of the mussel and bed shear stress distribution around it allows 
understanding how mussels can better resist dislocation at high flow conditions. Such knowledge should 
contribute to future efforts to increase mussel habitat in natural streams. 
 
In the present investigation, three-dimensional large eddy simulations are performed in channels containing 
a partially-buried freshwater mussel (Lampsilis siliquoidea) with and without active filter feeding for two 
angles of attack (α=0⁰ when the primary axis of the mussel is aligned with the incoming flow and α=30⁰). 
Simulations are performed in straight channels with incoming mean flow velocity of 0.3 m/s and an 
incurrent/excurrent volumetric discharge between 0 and 9*10-6 cm3/s. The height of the semi-buried 
mussels above the channel bed is 0.03 m and the flow depth in the channel is 0.15 m.  
 
Besides drag forces induced by the flow on the mussel shell, local erosion developing slowly in time is the 
second main factor that can result in the dislocation of mussels from the bed substrate. Numerical simulations 
are used to understand the effects of the angle of attack and the volumetric discharge of the filtered flow on: 
1) the wake structure, large-scale vortices and generation of regions of flow downwelling behind the mussel; 
2) the erosion potential of the flow around the mussels; 3) the mean drag force.  
Results show that for both angles of attack, the total streamwise drag force acting on the mussel’s shell 
increases as the filtering discharge becomes higher. So, mussels need to shut off active filtering to better 
withstand increase drag forces at high flow conditions. As expected, the mean drag force increases with the 
magnitude of the angle of attack. Results also show that streamwise-oriented vortices form behind the mussel 
for both angles of attack. The larger, more coherent vortex induces strong downwelling on one of its sides 
and pushes higher streamwise velocity fluid near the bed. As a result, a large part of the near-wake region is 
characterized by bed shear stresses that are larger than those in the incoming flow. 
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The OFB (French Office of Biodiversity) and EDF (Electricity of France) have long collaborated on expanding 
knowledge about fish migration and protection measures for their downstream migration at hydropower 
plants (Tomanova et al. 2018). The current joint project re-examines reception conditions for fish after 
downstream passage through bypasses, as the criteria proposed by Odeh and Orvis (1998) are not fully 
satisfactory. Thus far, the study combines two types of experimental studies: (i) 4 in situ quantifications of 
live fish injuries, associated with (ii) evaluation of the hydraulic constraints in the reception zone using the 
autonomous Sensor Fish developed by the PNNL, in the same 4 in situ sites and in 13 laboratory configurations 
combining different flow rates and water depths in the reception zone. 
For each live fish experiment, 50 to 100 smolts of Atlantic salmon (137–225 mm in length) were injected in 
the downstream passage device and recovered after reception in the downstream zone. Fish were inspected 
immediately and after 48h to evaluate possible delayed injuries (scale losses, bleeding, stroke, death…). The 
laboratory results were acquired at an experimental waterfall called ‘Angel Jump’ at the EDF Lab (Chatou, 
France), which is more than 9 m high and has a maximal flowrate of 335 l.s-1. In the plunge pool, a mobile 
bottom allows to change water depth at the reception zone. The Sensor Fish was deployed 50 times for each 
in situ and laboratory experiment. 
The results of Sensor Fish allowed us to discriminate the harshness of the experimental conditions using the 
number and the intensity of collision events registered in the reception area. First comparisons with results 
obtained in situ with Sensor Fish and live fish test are performed. The results presented are preliminary, 
however some findings may already be drawn. In particular, the threshold of 95 g for expecting fish injury 
does not appear to be adequate to reflect in situ harsh passage conditions in reception zones for Atlantic 
salmon smolts. Concerning Sensor Fish, the fact that high proportions of shocks in both laboratory and in situ 
configurations exceeded 200 g, which is the upper value of the range specified, questions the capacity of this 
sensor to precisely characterize the hydraulic constraints in reception zones. 
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Fish guidance structures (FGS) like angled bar racks with either horizontal or vertical bars protect downstream 
moving fish from turbine passage and guide them to a bypass. The function of the bypass system is to safely 
collect, carry and reintroduce the fish to the river downstream of the movement barrier. An effective bypass 
design is therefore essential to ensure not only fish protection, but also guidance to the tailwater. Most 
importantly, a bypass must be designed according to the swimming capacity and behaviour of the target fish 
species. Various field and laboratory studies indicate that a gradual velocity increase into the bypass with 
small turbulences leads to high acceptance. Previous studies demonstrated that a poor bypass design leads 
to low fish guidance efficiency (FGE), whereas an optimal bypass design can significantly increase the FGE. 
The bypass entrance should be easily found, accepted and passed by all fish species without harm, delay, 
flight or exhaustion. 
We have systematically studied two types of bar rack bypass systems with (I) curved vertical and (II) horizontal 
bars of different shape in the scope of two PhD projects at the Laboratory of Hydraulics, Hydrology and 
Glaciology (VAW) of ETH Zurich. The projects included the investigation of the hydraulics and fish guidance 
efficiency of different bypass geometries, namely (i) a full-depth open channel bypass, (ii) an open channel 
bypass with a ramp, (iii) a bypass with a restrictor as control section, featuring both a bottom opening and an 
overflow section, and (iv) a circular pipe bypass. Velocity measurements and live-fish tests were conducted in 
a 1:1 Froude-scaled ethohydraulic test channel. The swimming behaviour of various riverine fish species at 
these bar rack bypass systems (except for the pipe bypass) was recorded with a fish-tracking system and the 
obtained data were evaluated to determine the effect of the bypass hydraulics on fish behavior and guidance.  
The findings indicate, amongst others, that the full-depth open channel bypass was quickly accepted by fish 
for mild velocity gradients at the inlet. In contrast, a pipe bypass led to backwater with low flow velocities and 
flow circulation above the pipe and very high local velocity gradients in front of the bypass opening, which 
might lead to an avoidance reaction of fish. Although most available guidelines recommend a bypass 
discharge as a percentage of the water intake discharge, the present results indicate that the spatial velocity 
gradient in front of the bypass is paramount for an efficient bypass design to be quickly accepted by fish. 
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Hydrodynamic characteristics, especially in terms of velocity gradients, in non‐uniform river flows are the 
most dominant factors to justify the availability of a diverse set of aquatic habitats. The hydraulic complexity 
metrics known as M1, M2, and M3 are of particular interest in the 3D spatial analysis of habitat metrics in 
terms of ecological functions. The first two parameters M1 and M2 specify the magnitude of drag forces 
implemented on aquatic organisms that are moving between two places, while, the third parameter M3 may 
yield potential habitat energy required by an organism to remain in a location without spinning. The present 
research aims to evaluate the hydraulic complexity parameters in river flows. In this direction, the field-
collected data of Po River, as the longest one in Italy with 652 km length and drainage area equal to 70,000 
km2, forming Italy’s widest and most fertile plain, were considered. The cross-sectional velocity components 
in vertical and transverse directions were used to calculate the hydraulic complexity parameters. The results 
highlighted that the hydraulic complexity parameters may add some insights about the habitat heterogeneity 
as well as evaluating ecological patterns in rivers with remarkable flood rates such as Po River. 
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The hyporheic zone as the interface between surface water and groundwater in fluvial river systems 
represents an integral part of aquatic ecosystems and plays an important role in fulfilling the ecological 
functions of rivers including highly complex hydrodynamic and biogeochemical processes. Furthermore, it is 
a mandatory habitat for different life stages of salmonid fish as well as for certain species of 
macroinvertebrates. Both hydrodynamic and biogeochemical processes highly depend on the characteristics 
of the hyporheic interstitial such as hydraulic conductivity, pore space and sediment characteristics.  
This fragile system can be heavily disturbed by infiltration and accumulation of fine sediments  into the 
riverbed, the so-called colmation processes. The consequence is a decreased porosity and a strong reduction 
of the hydraulic conductivity, which also limits the transport of oxygen-rich surface water into the hyporheic 
zone. Given the complexity of colmation processes no standardized quantitative measuring technique exists 
to determine the vertical depth and the degree of colmation. Most available measuring methods represent 
different mapping approaches or single parameter approaches. However, mapping methods allow only for 
qualitative assessments while single-parameter approaches are insufficient to encompass the complex 
process of colmation. Considering that colmation cannot be addressed by a single parameter, the objective 
of this study is the development of a multi parameter approach (MultiPAC) to quantitatively assess colmation. 
MultiPAC consists of four key parameters that are measured in the field to address colmation in rivers: 
 
1. grain size distribution of the riverbed using freeze core sampling and sieving 
2. vertical profiles of hydraulic conductivity by a double deep packer system 
3. porosity and pore space applying a volumetric approach based on photogrammetry 
4. vertical profiles of interstitial dissolved oxygen content with optodes  
 
This novel approach allows on the one hand for a quantitative description of colmation and on the other hand 
for the identification of clogged layers in stratified river beds. First results from different river reaches show 
promising results. The measured vertical profiles of the dissolved oxygen content in clogged rivers show a 
strong reduction with increasing sediment depth, which is in line with the measurements of hydraulic 
conductivity using the newly developed double deep packer system. With additional information about 
porosity and particle size distribution, an objective database is available to address the degree of colmation 
in rivers. Aiming at a holistic approach for the quantitative assessment of colmation further measurements 
are required to achieve distinct relations of the four parameters. 
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River connectivity and fish migration paths have been strongly impacted by anthropogenic structures 
worldwide. To enhance fish migration, different designs have been proposed in the literature for fish passage 
structures. One of the most commonly used and studied designs is the vertical slot fishway.  However, the 
wide variety of configurations and fish species makes it difficult to design fishways that work well across all 
cases. In this context, fish behavioral models can provide useful insights for design improvement. This study 
presents an application of an Eulerian Lagrangian Agent Based Model (ELAM)  to the simulation of upstream 
fish migration in a vertical slot fishway. The model represents the fish as an agent that scans the Eulerian 
environment within a Sensory Query Distance (SQD) and processes information about the surrounding flow 
field according to a Gaussian distribution. The Agent Based Model (ABM) triggers two types of behavior: the 
first is a random walk accross the domain; the second type sees the fish swim upstream towards the most 
preferred cell within the SQD sphere. Fish response is driven by velocity, strain rate and turbulent kinetic 
energy. In addition, the model computes the work exerted by the fish in each time step, which provides a 
wider overview of the structure hydrodynamic effect on fish passing. The ABM considers fish body length and 
swimming capabilities such as induced swimming speed and critical swimming speed as main inputs. Good 
agreement is found between the model results and observations of upstream migration of silver carps 
(Hypophthalmichthys molitrix) in a vertical slot fishway presented by (Tan et al., 2018).  
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Downstream moving fish may have to pass through turbines or spillways of run-of-river hydropower plants, 
which can result in life-threatening injuries and thereby impact whole populations or species. Fish guidance 
structures such as a vertical curved-bar rack (CBR) or horizontal bar rack (HBR) in combination with a bypass 
can safely guide many fish species and different life stage (i.e. sizes) around hydropower plants, thereby 
providing a safe downstream fish passage route. An HBR acts as a physical barrier for the fish due to narrow 
bar spacings, while a CBR creates turbulent structures in front of the rack, inducing a behavioral fish guidance 
and protection effect. HBRs with a bar spacing of 20 mm and CBRs with a bar spacing of 50 mm have shown 
high protection and guidance efficiencies in laboratory experiments for certain fish sizes and species. 
However, due to their narrow bar spacing and resulting clogging and maintenance needs, HBRs are currently 
state-of-the art only at small-to-medium sized hydropower plants. Combining an HBR with a low voltage 
electric field (e-HBR) may permit the use of larger bar spacings, thereby reducing operational issues while 
maintaining high protection efficiencies. Also, although a CBR with 50 mm bar spacing showed high protection 
rates for two cyprinid species in laboratory experiments, European eel (Anguilla anguilla) and brown trout 
(Salmo trutta) were less receptive to hydraulic cues resulting in lower protection rates. Hence, an electrified 
CBR (e-CBR) may improve the protection efficiency for these and possibly other species.  
In the present study, the electric fields generated by different electrode setups of both an e-HBR and an e-
CBR were numerically simulated to determine suitable configurations. Subsequently, those configurations of 
e-HBR and e-CBR were tested with European eel in a large laboratory flume at ETH Zurich. The electric fields 
created by the racks were measured to validate the simulations, and the fish response was analyzed in terms 
of the local electric field characteristics. Both e-HBR and e-CBR protected most tested European eel, while 
fish bypass passage was reduced compared to the non – electrified racks. Bypass passage and protection 
efficiencies were not affected by the approach flow velocity varying from 0.15 m/s to 0.6 m/s.  
The present contribution will give an overview on fish protection and guidance technologies as well as 
detailed information on electrified fish guidance racks. The experimental laboratory set-up and the results of 
the ethohydraulic tests with European eels, in particular their behavior when confronted with an electric field, 
will be presented. Electrified fish guidance racks may emerge to be a cost-effective alternative to the current 
state-of-the art technologies.  
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The problem of water environment is a long-term challenge for rivers and lakes around the world. Numerical 
simulation is an important means to comprehensively understand the water environment. Aiming at 
problems of high pollution load, poor capacity of self-purification and sensitive water environment system of 
lakes, this study took Xinglong Lake, the largest artificial lake in Chengdu City, Sichuan Province, west of China, 
as an example, to simulate and quantitatively evaluate the spatio-temporal changes of key water quality 
factors such as TN, TP, COD and NH3-N, by using integrates historical data, in-situ monitoring and PCLake 
model. The historical and in-situ spatial data of TN and TP concentrations were water exit>north 
side>center>south side>inlet, indicating that the self-purification capacity of Xinglong Lake is weak. In terms 
of time, the PCLake was used to establish a high precision water quality model which is suitable for shallow 
lakes through initial condition setting, parameter calibration, modeling, model correction and verification. 
The results showed that compared with the measured values, the model can reflect the dynamic changes of 
water quality in Xinglong Lake well (RMSE<0.25). The concentrations of 4 water quality factors showed a 
fluctuating decline from 2016 to 2019, with the decreasing rates of TN(0.28mg/(l∙a)), TP(0.02mg/(l∙a)), NH3-
N(0.04mg/(l∙a)), and COD(4.54mg/(l∙a)), respectively. Affected by heavy rainfall, temperature and algal 
reproduction, the water quality of Xinglong Lake in spring and summer were obviously better than those in 
autumn and winter. The TN and NH3-N concentration in spring and summer were about 1.5 times and 3 times 
of that in autumn and winter. TP has little change within a year, and the concentration of COD was the highest 
in autumn. The comprehensive evaluation showed that the water quality of Xinglong Lake increased from 
inferior V class to IV class during 2016 to 2019. After 2019, the proportion of water quality below IV class 
decreased by about 30%, and some of them even reached III class. However, about 12.5% of water quality in 
the south and outlet of Xinglong Lake still failed to reach IV class. Also, the lake had problems of light 
eutrophication from 2016 to 2020 and trophic state index (TSI) showed a trend of increasing and then 
decreasing, reaching a peak in 2018. TSI reduced to less than 50 after 2022.The results provided an effective 
method for water quality simulation and evaluation of shallow lakes, which can play an important role in 
water environmental protection and comprehensive management of rivers and lakes.
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Microhabitat statistical analysis remains the primary scientific and management basis for instream flow 
studies using ecohydraulic modeling. The wide adoption of spatially explicit habitat mapping and modeling 
enables consideration of patterns of microhabitat patches and their potential importance for fluvial ecological 
functions. Moreover, patch spatial patterns likely change with discharge, yet no framework for investigating 
this exists. In this study, new concepts and methods were developed to characterize spatial patterns of 
microhabitat patches (a.k.a. mesohabitat) and discharge-dependent patch behaviors. The five types of patch 
behaviors were disappearance, expansion, contraction, aggregation, and segmentation. Patch 
characterization and behavior analyses were applied to adult rainbow trout habitat along ~ 12 km of confined 
mountain river in the Sierra Mountains of California. Expert-based rainbow trout depth and velocity habitat 
suitability curves were coupled with meter-resolution 2D hydrodynamic modeling to identify high-quality 
microhabitat patches at 7 discharges ranging from baseflow to modest flooding. Area of high-quality 
microhabitat, patch count, and patch size were analyzed for each discharge. Patch behaviors were tallied for 
56 patches among 5 patch size classes (0.25-2.5, 2.5-25, 25-250, 250-2500, and ≥ 2500 m²) for each discharge 
increase between the 7 flows, except only 46 patches were analyzed for the highest flow increment. 
Simulated high-quality microhabitat area varied between 22,536.50-76,1598.75 m² depending on discharge. 
Three different regimes in flow-dependent patch size change were found along with a gradual decrease in 
patch persistence with discharge. The occurrence of patch behaviors had a trend explaining patch size and 
persistence change. When the flow increased from 5.38 m³/s to 9.91 m³/s, about 30% of microhabitat patches 
was estimated to disappear. Expansion and aggregation behavior had the largest count at the flow increment 
ranging from 0.14 to 0.42 m³/s, and decreased as discharge increased. On the other hand, contraction and 
segmentation behaviors had the minimum count at the flow increment of the baseflows and 0.42 m³/s, and 
increased with the increasing in flow. These trends were consistent with the result of patch metrics calculation 
and the observation of the flow-dependent microhabitat patch dynamics. Some behaviors indicated the 
emergence of high-quality patches in flood flow and the occurrences appeared related to geomorphic 
features. Overall, analysis of patch behavior dynamics enriches ecohydraulics and should be considered for 
use in river management.
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The RETERO project develops modern and scientific methods with the aim of significantly reducing and, in the 
long term, completely replacing fish experiments for assessing the risk of turbine passages. Primary 
ethohydraulic investigations of fish behavior of turbine inlet accelerated flows were done at the Hubert-
Engels-Laboratory of the Technische Universität Dresden in cooperation with the Institute of Freshwater 
Ecology and Fisheries Biology Jena, to observe their reactions in a controlled environment. These findings 
provided the project's collaborative partners with a sound basis for developing an autonomous sensor probe, 
risk assessments or software-based damage prediction models.
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The periodic removal of the sediments deposited inside artificial reservoirs can be carried out through the 
flushing methodology, in which the bottom outlets of the dam are opened to let the water flow through the 
gates, eroding and transporting downstream the sediments. However, these cleaning maneuvers generate 
marked variation both in the flow rate and in the Suspended Sediment Concentration (SSC) in the river 
reaches downstream of the dam and may produce negative effects on the riverine ecosystems and biotic 
communities, especially on fish. In particular, the alteration of river hydraulic parameters (i.e. water depth 
and flow velocity), that can let to the worsening of the fishes suitable habitat, and the excessive turbidity (i.e., 
high SSC values) combined with high SSC values may provoke a possible worsening of habitat suitability for 
fish that could give rise to increased animal stress. The scientific literature provides individual tools to model 
the effects of the varied river hydraulic characteristics and the increased fine sediment load, separately. 
Moreover, due to the simultaneous occurrence of flow rate variation and SCC increase, it is advisable to 
combine the two approaches to obtain a comprehensive and representative fish habitat modelling during 
flushing events. Therefore, the present work aims to propose an innovative methodology for the fish habitat 
modelling during the sediments’ removal operations, in order to minimize their ecological effects while 
optimizing sediment management in the reservoirs. With the aim of generalizing our results, different river 
morphologies, life stages of the chosen freshwater fish species – the European grayling (Thymallus thymallus, 
L. 1758) – and three possible volumes of removed sediment were considered. Results showed that grayling 
habitat suitability tended to decrease with increasing flow rates and SSC no matter the life stage. However, 
interestingly, they showed also that it was preferable to increase the water discharge to reduce the flushing 
event duration when considered high volumes of released sediments.
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The need to increase hydropower production to reduce CO2 emissions, while supporting the development of 
self-sustainable fish populations in a cost-effective way, protect biodiversity and restore water-related 
ecosystems is urgent and recognized in the UN Agenda 2030 and in the recently launched European Green 
Deal. Despite the growing awareness of hydropeaking impacts, it is still largely unknown how fish react under 
peak events, especially cyprinids, the most common group of freshwater fish in Europe. Flow-refuges such as 
lateral deflectors are believed to help fish to cope with rapidly changing flows and high currents. However, 
very few studies assessed their efficiency and focused mainly in salmonid species, with higher economic value. 
Although recent studies have assessed the utility of flow-refuges for cyprinids in controlled experimental 
conditions, field evidence of fish responses to hydropeaking and the use of flow-refuges in peaking rivers 
remains, to our knowledge, unknown.  
 
Another option is adapting the hydropower operation scheme to improve fish habitat during daily cycle or 
during important key life-cycle stages (e.g. spawning). These measures may have a significant impact on the 
HPP profits thus affecting its viability. Including habitat in models of HPP optimal management is usually done 
by means of adding restrictions regarding minimum flows. The feedbacks between available habitat and profit 
are not explicitly modelled. Including a description of how the available habitat changes with water flow can 
help estimate trade-offs between profit maximization and habitat preservation as well as inform the 
development of flow restrictions that better account for both profit and habitat availability. 
 
The EcoPeak4Fish project, recently started, intends to answer these questions in a multidisciplinary approach. 
Thus, EcoPeak4Fish stands in 4E’s: Ecology, Engineering and Economics in the profit of the Ecosystem 
protection. This project aims to assess the effects of hydropeaking in cyprinid species, propose a flow-refuge 
prototype and assess its cost-effectiveness, and develop a framework to adapt the HPP operation scheme to 
maximize profits and environmental benefits for a sustainable use of hydropower energy. The project intends 
to answer the following questions: How do fish react under hydropeaking conditions? Are flow-refuges an 
effective measure to mitigate impacts and contribute to the self-sustainability of fish populations? How to 
find the hydropower operation scheme that maximizes profits and power production while maximizing the 
suitable habitat for fish populations? The project structure and expected outputs will be presented, as well 
the first results concerning the different tasks of the project and implications for management. 
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Detecting patterns and relationships that are repeated or generalizable in nature is a main purpose for all 
ecological scientists. However, modelling such relationships do not usually ensure adequate transferability 
between similar contexts. In the framework of water resources planning and management, meso-scale 
habitat models demonstrated high potential to assess suitable environmental conditions for freshwater 
species. Particularly, the MesoHABSIM (MesoHABitat SImulation Model) approach (i) enables river habitat 
depiction in an effective manner, (ii) may include in the analysis a large range of biotic and abiotic 
environmental descriptors, and (iii) can make predictions based on sophisticated machine learning 
techniques. For the latter aspect, the use of Random Forest (RF) has recently increased to identify most 
important variables that are related to species presence and abundance. 
In the present study, the transferability capabilities of RF models were calibrated and validated in different 
streams across the Northern part of Italy. In particular, RF models for adult and juvenile brown trout (Salmo 
trutta), marble trout (Salmo marmoratus), Italian Vairone (Telestes muticellus), Italian barbel (Barbus 
plebejus), and bullhead (Cottus gobio) species were used to predict presence or absence of individuals within 
mesohabitats (or geomorphic units, GUs). Models were developed and calibrated with field data collected in 
reference sites of Piemonte and Valle d’Aosta regions, selected for their natural hydro-morphological 
conditions and habitat characteristics. Model transferability tests were performed in streams located in 
different regions and not included in the model calibration dataset. 
Predictive capacities of the models performed well in terms of accuracy (ranging from 75% to 82%) and true 
skill statistic (ranging from 0.52 to 0.75). In our opinion, the high predictive performances can be related to 
(i) the use of a proper spatial resolution of mesohabitat, recognized for its high ecological relevance, (ii) the 
adequate hydro-morphological characterization of the water courses, and (iii) the large number of 
environmental descriptors provided by the MesoHABSIM approach. Results showed that mesohabitat 
suitability criteria based on RF can be considered transferable among streams located in different regions of 
Northern Italy, especially when streams are characterized by kindred hydro-morphological and climatic 
conditions. 
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Vegetation of various heights widely co-exists in natural rivers and wetlands, where the ecological 
environment and flow process are affected by the riparian vegetation, which has drawn great attention in 
river engineering and aquatic environmental management. Majority of studies in the past have been mainly 
focused on the understanding of flow through vegetation of single-layered vegetation. However, in natural 
riverine environments, mixing vegetation with different heights often occurs in natural rivers, which have a 
different effect on the flow than the single-layered vegetation does. In a flow condition under multiple layered 
vegetation, it is limited known about the impact of such vegetation on the flow velocity of channel, which is 
pre-requisite for many problems in river engineering and environmental management.  
In this paper, a novel experiment was designed to study the flow characteristics in an open-channel with 
vegetation of three different heights that exists on the channel bed, with a focus on the effect of the 
vegetation on the velocity distribution. Experiments were conducted in both partially submerged and fully 
submerged conditions. Three heights of dowels, 10, 15 and 20 cm, were used to mimic rigid vegetation in a 
staggered pattern for each type of dowel. Velocities at various locations across a section of channel were 
measured by Acoustic Doppler Velocimetry (ADV) and propeller velocimetry. Experimental results showed 
that the vertical velocity distribution is affected by vegetation heights. The results also revealed that the 
vegetation height have significant impact on the vertical distribution of velocity between and behind the 
vegetation.  The vertical change of velocity behind TP (tall vegetation) and MP (medium vegetation) increases 
slowly beneath medium vegetation’s height (15cm) and then rapidly increases to the water surface. While 
the vertical change of velocity behind SP (short vegetation) and BP (blank space between vegetation) 
decreases a short amount beneath water height 5cm and increases rapidly to the water surface. Generally, 
the steamwise velocities at short vegetation zone and blank space are larger than tall vegetation zone and 
medium vegetation zone. These findings on the flow with multiple layered vegetation would be helpful for 
riparian management practices to maintain healthy ecological and habitat zones.  
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The establishment of a monitoring technique capable to assess the aquatic ecosystem status is needed for 
reversing the river biodiversity degradation trend. Recently, an innovative technique for the detection based 
on the adoption of the environmental DNA traces (mucous, shed skin, etc.) has been proposed. Although, the 
establishment of this technique is prevented by the lack of knowledge on the eDNA traces dynamics in rivers. 
The research aims to develop an experimental methodology for investigating the physical mechanisms that 
govern the transport of the eDNA traces in water. The main challenge is the design of an experimental set-up 
that fulfils the requisites for carrying out molecular biology (i.e. sterile environments, sampling) and hydraulic 
engineering (i.e. hydraulic measures: flow velocity field) analyses. The experimental methodology developed 
is key for revealing when the water flow promotes the eDNA traces horizontal (advection and diffusion) or 
vertical transport (suspension and deposition).
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Non-physical barriers, such as bubble screens (or curtains), are promising low-impact strategies to deter the 
spread of Aquatic Invasive Species (AIS) in streams. Bubble screens have been successfully implemented to 
redirect and/or deter adult fish and to capture plastics in some rivers, but their efficacy on invasive fish at 
multiple life stages (eggs, larvae, and adult fish) is not yet known. Air bubbles rising from a diffuser placed at 
the bottom of a stream generate counterrotating eddies that interact with the mean flow. Understanding 
such interactions allows us to design an Oblique Bubble Screen (OBS), a system able to direct drifting particles 
(i.e., eggs and larvae) towards the banks of a stream for potential capture, based on the water velocity, river 
morphology, orientation of the OBS, diffuser material, and air flow rate. We present the results from a series 
of laboratory experiments at the Ecohydraulics and Ecomorphodynamics Laboratory at the University of 
Illinois at Urbana-Champaign, using positively buoyant (specific gravity SG=0.9, and diameter d=7.09mm) and 
negatively buoyant (SG=1.04, d=5.9mm) spherical particles to represent the range of size and density of 
developing Grass carp eggs, an invasive species in North America (Ctenopharyngodon idella). An air 
compressor was connected to a porous tube laid at the bottom of a recirculating flume, with a regulator and 
a flow meter to control air pressure and air flow rate. Acoustic Doppler Velocimeters (ADV) and Surface 
Particle Image Velocimetry (PIV) were used to measure the effect of the OBS on the velocity field. Our 
collected data showed that: (1) a single OBS is able to direct drifting particles towards the bank at the 
downstream end of the OBS, (2) adjusting orientation angle and air flow rate of the diffuser can increase 
capture efficacy under different flow conditions, reaching up to a 100% of capture for buoyant particles, and 
(3) the ratio between lateral velocity generated by the OBS (as a function of air flow rate) and the mean 
longitudinal flow velocities, can be used as an indicator to predict whether the OBS will be able to carry the 
particles all along the length of the diffuser in wider and deeper streams. The optimal configurations from our 
study will be tested with live Grass carp eggs and larvae, as well as with upstream-swimming adult carp to 
assess its potential as a two-way barrier, and to provide design parameters to set the air-flow rate and diffuser 
type needed for field deployments, according to width-to-depth ratios and stream morphology.  
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Water managers worldwide are facing the serious problem of dense blooms of cyanobacteria in reservoirs. 
Although some of the control measures (including mitigation) have a direct impact on cyanobacterial blooms 
by biomass removal, flushing, or mixing; the number of proven technologies is limited.  
This study aims at designing an autonomous system for artificial destratification to control cyanobacteria 
growth in the reservoirs. Five steps are followed for this purpose.  First, a system is setup that mimics a 
thermally stratified reservoir experiencing hypoxia. For the generation of controlled stratified layers, a cooling 
system composed of a compressor, condenser, filter, capillary tube, copper pipes as an evaporator, a 
thermostat, and a monitor is integrated to the bottom section of the tank. The copper pipe which is 
approximately 20 meters is placed at a spiral shape at the bottom of the water tank enabling the passage of 
the cooling gas during operation which is controlled via a thermostat attached to the system. The heating of 
the top layers is maintained by strip heaters placed on top of the tank to heat the top layer as desired.   
 Next, mixing efficiency of air diffusers is investigated via experiments and numerical modeling. Custom-made 
air diffusers are used in all experiments. A set of replaceable plates are designed and a total of 20 plates are 
custom made those having one hole, two holes, five holes and twelve holes, with diameters of d=1,2,3,4,5 
mm.  The air to the diffusers is provided by air pumps at flow rates of Q=100l/h, 200l/h and 400l/h.  Effects 
of bubble size, bubble slip velocity, and other parameters on destratification efficiency are studied. 
Nondimensional numbers involving bubble diameter, bubble diffusing area, air rate, and stratification rates 
are utilized to quantify destratification efficiency for the best design of aeration systems. Then, an Arduino-
controlled autonomous monitoring system for water quality parameters - temperature and dissolved oxygen 
is introduced to the tank.  This system is used to begin the aeration process when predefined conditions for 
water quality are satisfied. Following the experiments, the destratification hydrodynamics in the tank is 
modeled using a 3D numerical model - ANSYS FLUENT program utilizing Reynolds-averaged Navier-Stokes 
motion for incompressible and time-varying fluid motion.  Calibration and validation of the numerical model 
with observations enabled the testing of the various configurations of the aeration system. Finally, an 
optimum artificial mixing system for thermally stratified reservoirs is proposed based on experimental and 
numerical results.  
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Vertical slot fishways are often constructed to provide migration pathways for fish obstructed by a dam or 
weir. German design criteria for fishways consider fish related requirements, as e.g. minimum slot width (fish 
thickness), minimum flow depth (fish height) or maximum flow ve-locity (swimming ability). Nevertheless, a 
design parameter always acts as a substitute for a complex reality, i.e. do not adequately reflect the variability 
of hydraulics and fish biology in a vertical slot fishway.  
 
Design velocities of vertical slot fishways at German waterways typically range between 1.5 m/s and 1.8 m/s. 
Comparing these values with results from fish swimming capacity tests suggest that the physiological needs 
of small-bodied fish with weak swimming capacity are not well acknowledged. However, anecdotical 
observations of small fish passing such fishways indicate knowledge gaps of the interplay between swimming 
ability, fish behavior and hydraulics of ver-tical slot fishways. In this context, it is not clear whether swimming 
performance is underesti-mated or flow conditions in slots are more favorable than assumed. Focusing on 
flow, recent velocity measurements suggest that rather velocity fluctuations than near-wall low velocity zones 
may be beneficial to passage success.  
 
The Federal Waterways Engineering and Research Institute (BAW) and the Federal Institute of Hydrology (BfG) 
are planning ecohydraulic tests to study whether velocity fluctuations can af-fect swimming behavior and 
passage success of small fish or not. A major challenge is to measure flow velocities and fish passages 
simultaneously. Velocity measurement instruments cannot be used as they would disturb fish behavior. 
Additionally, due to the spatially and temporally ran-dom character of the fluctuations, it is not possible to 
exactly determine the relevant velocities in the moment when the fish is passing the slot. To overcome these 
challenges, we developed flume experiments with three different flow scenarios at a single slot: A) quasi 
constant flow without significant fluctuations as a baseline, B) randomly fluctuating flow with natural velocity-
fluctuation spectra comparable to those in vertical slot fishways and C) artificially varied flow with defined 
repeated large-scale fluctuations representing the largest fluctuations of scenario B generated using rotatable 
fins.  
 
In our contribution, we focus on the results of the hydraulic pre-study. We present turbulent characteristics 
of flow in a typical vertical slot fishway using ADV-measurements based on the IPOS framework. We also show 
results of PIV measurements in a scale model that have been performed to create the hydraulic setup for 
scenarios A-C. As a conclusion, we demonstrate that it is possible to specifically influence velocity fluctuations 
in a way that the initial research ques-tions can be addressed in ecohydraulic experiments. 
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Shallow lakes, which are highly susceptible to wind, usually do not form significant seasonal stratification but 
diurnal stratification. Lake Kasumigaura is a large lake in Japan with an average depth of only 4m, and it is 
highly eutrophic. Although declining dissolved oxygen (DO) in the bottom of the lake during the weak wind 
period has been reported by field observations in previous studies, however, the nature of the hypoxia 
generation and recovery process is unclear. 
In order to reveal this process in the lake, an integrated approach, which combines data acquisition and 
numerical modeling, was followed. The analysis was conducted with the three-dimensional coastal ocean 
hydrodynamic model coupled with an ecological numerical model, SCHISM-ICM. The horizontal resolution of 
the unstructured grid is approximately 200m, and 44 layers of the LSC² grid are split vertically. Water quality 
data monitored at 4 automatic observation stations were used in the analyses, which indicates a time-scale 
correlation between temperature stratification and hypoxia water masses at the shallow lake. 
The observation data revealed that hypoxia events occurred a few times during summer even in the shallow 
area. Under the condition of weak wind (about 2 m/s), the lake water frequently shows continuous diurnal 
stratification. During this period, DO in the lake has obvious diurnal variation, but generally tends to decrease. 
And in a few days of sustained diurnal stratification, the bottom layer may enter a state of hypoxia. The 
simulation results demonstrated that the model has the ability to represent both the spatial and temporal 
patterns of observed variables. Additionally, it could have a good performance for modeling the diurnal 
temperature stratification and the trend of observed DO. Comparing the results of different wind scenarios 
supported the importance of wind field on the change of DO in shallow lakes. Simulation results indicated 
that the diurnal temperature stratification under the weak wind forcing reduced the vertical mixing of water 
masses. It leads to continuous depletion of DO in the bottom layer, inducing the occurrence of hypoxia.
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In view of the uniform flow field in the conventional vertical slot fishway, there would be no obvious hydraulic 
differences among the upper, the middle and the bottom layer flow, thus creating reasonable velocity field 
for only some certain kinds of fish. This paper proposes to dig a surface hole at the top of lateral clapboard to 
form a combined fishway and then numerically investigates the hydraulic characteristic differences between 
the conventional vertical slot fishway and the combined fishway. Results show that the mainstream in the 
conventional vertical slot fishway would move downstream in an S-shaped trajectory with uniform velocity 
distribution between all layers. The maximum velocity at the vertical slot region can generally be as much as 
1.3m/s with maximum turbulent kinetic energy to be 0.124m2/s2 in the typical conditions. But in view of the 
large discharge by the surface hole, the mainstream in the combined fishway would branch into two strands 
with quite typical three dimensional flow field, thus forming a unique large span velocity field. The maximum 
velocity at the surface hole and vertical slot region can respectively be 1.3m/s and 0.8m/s. Such unique 
velocity field in the combined fishway can provide more conveniences for more kinds of fish migration.
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Bubble plumes are an example of multiphase flow, which can be used in nature-like aeration tanks and as gas 
diffusers for lake aeration. A set of experimental tests was carried out to investigate the effects of grid-screen 
in vertical bubble plumes with different nozzle sizes and airflow discharges. Two nozzle diameters of 1 mm 
and 3 mm and two airflow discharges of 4 L/min and 6 L/min were selected for this study. A grid-screen with 
different grid openings was installed at the center of the bubble plume and at different elevations from the 
nozzle (Xs = 0.14 m, 0.22 m, and 0.30 m) to study oxygen transfer enhancement and mixing capacity of 
bubbles. The effects of grid-screen openings, distance from the nozzle, and airflow discharge on variations of 
bubble characteristics were examined. A Refractive Bubble Index (RBI) probe was used to measure bubble 
diameter, bubble size distribution, bubble concentration, interfacial area, and the centerline velocity of 
bubbles. Experimental results indicated that increasing the distance between the grid-screen and the nozzle 
increased the bubble concentration by 9% and reduced the bubble size by 31%. It was found that the size of 
grid-screen and its distance from the nozzle in high air discharge of 6 L/min decreased the vertical velocity of 
bubbles by 38%. The results showed a direct correlation between the airflow rate and the total number of air 
bubbles in bubble plumes with a grid-screen. Moreover, bubble velocity hindered by the grid-screen and 
gradually increased after a distance from the grid-screen. By installing a grid-screen at 0.3 m above the nozzle, 
the time-averaged bubble concentration increased by 18% and the time-averaged bubble velocity decreased 
by 31% in comparison with a benchmark test without a grid-screen. 
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Water motions in lakes vary broadly and include up-and-downwelling currents, turbulent mixing, and wind-
generated surface waves. Their combined effect significantly controls how water quality and the lake 
ecosystem evolve in space and time. Particularly, wind alters the lake surface, which can cause considerable 
water level fluctuation at specific sections or areas of the lake by maintaining good ecological conditions. 
Although wind plays a critical role in aquatic ecosystems' function, its influence on the shallow lakes remains 
scarcely investigated. Therefore, this study investigates the influence of a long-term decrease in wind speed 
magnitudes on the current density of a shallow eutrophic lake, considering several point source pollutions 
due to agriculture activities. The annual mean wind speed showed a significant decreasing trend. The 
maximum continuous days with wind speed < 3 m/s increased significantly from 1981 to 2021. The high-
frequency monitoring data showed that bottom water hypoxia occasionally occurred in summer and autumn 
because of the lake's decreasing water level and high concretion. The numerical results show that lower to 
medium wind speeds with frequent directional switching toward shore areas developed higher mixing 
scenarios, which helped reduce water temperatures, distribution, and colony formation of phytoplankton. 
The onshore winds were the most frequent winds with low wind speeds, whereas; offshore winds have been 
observed with medium to higher wind speeds. This provides valuable insights in helping policy-makers and 
water managers to develop appropriate adaptation and protection measures to ensure the good ecological 
status of the shallow lakes following the European water framework directive.
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Solute transport analysis in rivers is the fundamental work for swift countermeasure against pollutant spill 
accidents into the river system. This transport is dominated not only by hydrodynamics within surface flow 
domain, but also by interactions with surrounded storage zones in rivers. In this respect, the Transient Storage 
Model (TSM) has been most widely used due to its simple conceptualization in which the storage mechanism 
is characterized as equivalent to a first-order mass transfer. However, this simplicity has been commented as 
a deficiency due to poor approximation in tailing behavior of solute cloud and corresponding parameter 
uncertainty. 
In the sense that such tailing behavior in a breakthrough curve is most representable part for storage 
mechanism, the validity of most storage system modeling were demonstrated by comparing the tails. 
However, storage effect is, in fact, less responsible in generating breakthrough curves than surface flow 
dynamics. To identify the storage system, investigation of actual solute behavior in storage zones is required. 
Unfortunately, it is difficult in streams due to the diversity, invisibility, and unclear boundary of natural storage 
zones 
This study aimed to mathematically estimation how long solute particles were trapped within storage zones 
along a stream reach using deconvolution technique with observed breakthrough curves. To obtain the 
observation in a natural stream, the tracer test was carried out at the 4.54 km reach of Gam Creek, consisting 
primarily of sand substrate, South Korea in 2020. The problematic high frequency variability was removed by 
the Butterworth filter. The undesired oscillating problem was controlled by configuring the filtering order 
parameter. As a result, we successfully estimated the probability density function of net retention time of 
solute without significant distortion in primary breakthrough curves. Using the net retention time distribution, 
we evaluate the performance of the TSM simulation. One of the key results is that the simulation results of 
the parameter-optimized TSM underestimated the storage effect by as much as an average 44 %, despite the 
high accuracy with 0.99 of R² in breakthrough curve approximation.



Theme 3 

Environmental hydraulics and 
urban water cycle 
 
 

Turbulent mixing across a sharp density interface 

Dr. Blair Johnson1, Arefe Ghazi1 

1University Of Texas At Austin, 78751, United States 

Theme 3: Environmental hydraulics and urban water cycle (12), Andalucía II, junio 24, 2022, 8:30 - 10:00 

Industrial desalination generates brines that are often released back into the environment.  Desalination 
brines discharged into coastal regions with weak currents or mild bathymetry do not necessarily mix with 
surrounding waters and can remain stably stratified rather than mixing with ambient waters (Hodges et al. 
2011).  Dense immobile saline layers from these discharges can cause hypoxia and threaten local ecosystems.  
There are several hydrodynamic forces at play in the mixing processes associated with brine discharges, 
including shear imposed by the velocity gradient of the discharge and turbulence at the bore front, among 
others.  We are interested specifically in the role turbulence plays in a low mean shear environment, where 
ambient turbulence encourages mixing across the density interface.  To accomplish this, we are conducting a 
laboratory based experimental study to investigate the effect of homogeneous isotropic turbulence on a 
sharp density interface and identify the flow mechanisms that promote and/or inhibit interfacial erosion. 
 
We use randomly actuated synthetic jet arrays (RASJA – Variano & Cowen 2008) to generate high Reynolds 
number (Reλ ~ 300) horizontally homogeneous isotropic turbulence with negligible secondary mean flows of 
fresh water above a dense layer.  Stereo particle image velocimetry (PIV) measurements are collected for 
turbulence analysis in the forced upper layer.  Statistical metrics include turbulent kinetic energy, dissipation, 
spectra, and integral scales.  Simultaneous laser induced fluorescence (LIF) measurements are used to 
visualize the instantaneous density of the saline layer and entrainment between the two layers.  Mixing is 
quantified using the formulations described in Zhou et al. (2017), in which turbulent diffusivity is measured 
directly from LIF data.  Using this method gives a refined metric of buoyancy gradients across the spatio-
temporally varying two-dimensional concentration record and allows for a full exploration into what initial 
conditions (i.e. relative density between layers, turbulent forcing) encourage mixing. By quantifying the 
interplay between mean shear free homogeneous isotropic turbulence and a sharp density gradient, we aim 
to deduce under what environmental conditions it is sustainable to discharge brines into the environment, 
based on the turbulent structure of the ambient flow.
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Free-surface shallow shear flows behind a vertical splitter plate were studied in a tilted laboratory flume with 
a rectangular cross-section. The bed and sidewalls, made of glass, were hydraulically smooth. The vertical 
flow confinement (i.e., flow depth) was modified by changing the total flow rate Q (14, 30, 60, and 120 l s-1). 
At the flume entrance, for each Q-value, the flow partition from either side of the splitter plate was also varied 
to cover a wide range of the shear parameter λ = (U₂-U₁)/(U₂+U₁), where U₁ and U₂ are two velocities 
characterizing the low-speed and high-speed streams, respectively (with λ = 0 to 1.0). The focus of the study 
was on clarifying the effects on the large-scale flow structures of: (i) vertical flow confinement; (ii) bed-
friction; and (iii) λ-parameter. Particular attention was paid to the emergence and development of: quasi-2D 
Kelvin-Helmholtz-type Coherent Structures (KHCSs); 3D Large-Scale-Motions (LSMs), e.g., packets of hairpin 
vortices and associated burst events; and 3D Very-Large-Scale-Motions (VLSMs), which are long meandering 
streamwise counter-rotating vortices. It was found that in the near-field region, the emergence and length-
scales of the KHCSs were independent of (i) and (ii), but were essentially controlled by (iii). For instance, the 
KHCSs cannot form if λ <~ 0.3. In the far-field region, the effect of λ decreases while that of bed-friction 
number S increases. For S > ~ 0.04, KHCSs are fully longitudinally stretched. LSMs/VLSMs development are 
strongly influenced by splitter effects as well as the magnitude of velocity shear, particularly when λ > 0.3.
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Shallow turbulent water flows are characterized by having horizontal lengthscales far exceeding vertical 
lengthscales. Such flows are omnipresent in natural and man-made hydrosystems, e.g. river confluences, 
longshore currents along the coast and compound and composite channels.  A striking feature of shallow 
turbulent flows is the presence of vortical two-dimensional coherent structures (2DCSs). The onset of 2DCSs 
is believed to be a result of linear instability of horizontal shear layers. The instability adds energy into the 
perturbations naturally present in the flows, while bed friction dissipates the perturbation energy. If the 
energy added is greater than the energy dissipated by bed friction, 2DCSs form. Such 2DCSs govern mass, 
momentum and constituent transport and the understanding of 2DCSs is important for water quality 
modeling and flow conveyance capacity in compound and composite channels.  
 Froude number is shown by both linear and nonlinear models to stabilize horizontal shear layers. The 
stabilization process is governed by gravitational waves. Thus, the convective Froude number (Frc), which is 
defined by the velocity difference across a shear layer, is considered the key governing parameter of such 
stabilization effect. Previous work suggests that the stabilization mechanism is due to wave radiation in which 
energy is radiated from the shear layer and become unavailable for 2DCSs to develop. The 2DCSs formed 
under the high convective Froude numbers are also more elongated, i.e. the alongstream lengthscale of the 
2DCSs is greater relative to the cross-stream lengthscale. However, the initial dynamics responsible for wave 
radiation has not been well elucidated. Normal-mode linear stability analysis gives eigenfunctions merely 
stating the fact that waves are radiated. Previous nonlinear modeling focuses on confirming linear stability 
results and characterizing the structure of radiating waves. In both cases, the process through wave radiation 
initiates is not studied. This work explains the initial dynamics responsible for wave radiation by linear initial 
value stability problem (IVP) and nonlinear simulations. The linear and nonlinear simulations will be 
conducted under initial conditions with unperturbed water depth. Initial nonlinear result shows that the initial 
growth rate of the perturbed mode is the same for simulations with Frc=0.4 and Frc=1.2. Wave radiation in 
the Frc=1.2 simulation develops only after the initial growth phase. The initial dynamics for Frc=0.4 in the 
nonlinear model are consistent with IVP results.   
 An understanding of the initial dynamics for wave radiation is important for interpreting linear 
stability results, which usually consists of different modes of instabilities. For instance, linear stability results 
under high convective Froude number is likely to contain unstable modes corresponding to (i) wave radiation, 
(ii) roll wave (for streamwise Fr>2) and (iii) the interaction of the two in shallow shear layers. The 
understanding guides attribution of computed unstable modes to the corresponding physical processes. 
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A series of laboratory experiments was conducted to investigate the effects of swirling number on the flow 
properties of vertically discharged sand-water swirling jets in stagnant water. The effects of swirling motion 
on the evolution of particles, mixing properties, and the coherent structure of sand-water swirling jets were 
studied. A swirling cylinder was designed with an inner diameter of 32 mm surrounded by six inner spiral 
channels with 4 mm inner diameters. Sand particles with a median diameter of 0.507 mm and initial 
volumetric concentration of 60% were added to water and the mixture was released through a 6 mm nozzle. 
Different mixture discharges were tested to provide a swirling number ranging between 0.45 and 0.60. The 
instantaneous velocity and concentration of sand particles were measured by employing an advanced optical 
fiber probe (PV6). In addition, image analysis was performed to study the flow characteristic of swirling jets. 
The frequency histogram of sand concentration indicated that the instantaneous volumetric concentration of 
particles increased by increasing swirling intensity. In the Processing Vortex Core (PVC) region, velocity 
fluctuations increased by increasing the swirling number. The Power Spectral Density (PSD) analysis of sand 
concentration for sand-water swirling jets indicated that increasing the swirling motion increased the 
frequency of dominant coherent structure in the PVC region. The Spectral Proper Orthogonal Decomposition 
method (SPOD) was used to characterize the evolution of unsteady inter-scale coherent structures and extract 
the energy spectra in sand-water swirling jets. The SPOD spectra analysis revealed that the first two modes 
of the low-frequency range had a considerable portion of the turbulent kinetic energy and an adverse 
correlation was found between the strength of vortex shedding and swirling number.  
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The value of the transverse mixing coefficient in a river reach is of major importance for river management. 
It quantifies the capacity of a pollutant cloud to spread over the channel width. The coefficient value depends 
on the flow characteristics and the channel geometry. It has been quantified by many authors for more than 
70 years in rivers and laboratory studies in order to establish empirical predictive formulations.  
 
However, if laboratory studies could impose a uniform flow condition, the field studies only assumed this flow 
uniformity and ignored the possible flows streamwise variations.  The measured coefficients and related 
adjusted empirical equations are thus useful for rivers in lowland areas but not to piedmont rivers where the 
mean flow velocity can strongly vary over short streamwise distances. For instance, in the Durance River, a 
gravel-bedded river in the French Alps, recent measurements reported that the transverse mixing coefficient 
varies strongly over very short distances, and the authors attributed this variation to the flow non-uniformity, 
which they quantified through a new parameter labeled κ. 
 
To the best of our knowledge, transverse mixing coefficients in laboratory channels were quantified only for 
uniform flows. In order to verify the influence of flow non-uniformity, we recently performed tracing 
experiments in a straight flume for both uniform flows and accelerating flows over a forward-facing step with 
a gentle upward slope. The methodology applied to estimate the transverse mixing coefficient was similar to 
most studies available in the literature, the only innovative aspect was its application to a non-uniform flow. 
For each flow, a controlled discharge of salted water, which density was corrected to unity by adding alcohol, 
was continuously released in the upstream part of a straight flume with constant slope and cross-section. 
Several conductivity probes, daily calibrated and fixed to an automated displacement carriage, were then 
moved along several cross-sections further downstream. As expected, the salt concentration profiles fairly 
fitted Gaussian curves, with increasing variance towards downstream. The quantification of the variance 
increasing rate then permitted to quantify the transverse mixing coefficient for both uniform and accelerating 
flows. 
 
The coefficients obtained in uniform flows agree well with the estimations from empirical laws available in 
the literature, but those measured in the accelerating flows strongly exceed these correlations. These results 
thus confirm the recent field observations. Moreover, these transverse mixing coefficients appear to correlate 
well with the non-uniform parameter κ. These results should thus be of major interest for river managers 
aiming to predict the spreading of pollution or industrial releases in piedmont rivers.
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The Bernoulli equation is one of the most important equations in fluid mechanics. It states for incompressible 
fluids that the sum of geodetic, pressure and velocity head is constant along a streamline. 
In engineering practice, however, statements are required along a spatial coordinate for the pressure and the 
speed depending on the geodetic head for finite flow cross-sections. The Bernoulli equation is often used as 
an approximation for this, although its application is exact only along a one specific streamline. 
 
In this context, one speaks of the stream filament theory, whereby a mean streamline is regarded as 
representative of the entire cross-section. The speed used often corresponds to the mean speed as the 
quotient of the volume flow and the cross-section through which the flow passes. In order to minimize the 
error that occurs, the speed level is multiplied by a correction coefficient. It can be shown that the Bernoulli 
equation expanded in this way and the energy flow equation give the same result. 
 
The respective coefficients have to be related to the three-dimensional velocity vector instead of just to the 
normal component of the velocity. In addition, when considering the energy flow, the mean pressure must 
be replaced by the mean energy flow pressure. Both mean pressures are generally different. Same applies to 
the geodetic head which is replaced by the averaged energy geodetic head when considering the energy flow  
.  
 
If the changes specified above are taken into account, a Bernoulli equation extended to finite cross-sections 
and an associated energy flow equation result. Both equations are exact and deliver the same results based 
on the description of a flow process in a finite flow cross section with non-uniform pressure and velocity 
distribution! Only the summands within the equation will have different values. 
 
The considerations presented have already been checked by Teschke for the potential flow of a symmetrical 
flow expansion. The considerations presented are transferred to an arbitrary flow section within an 
asymmetrical flow tube of the potential vortex flow. In contrast to the symmetrical flow expansion, the 
correction coefficients introduced are now location-dependent. It is shown that even under these 
circumstances, the extended Bernoulli equation and the averaged energy flow equation give the same result. 
Furthermore, the behavior of the summands in the expanded equation can now be examined more 
individually. 
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This work aims to optimize the design of ABRs through combined numerical and experimental testing. 
Particular emphasis is made on exploring the influence of the baffle configuration on the mixing performance. 
Numerical simulations resolving the 3D Navier-Stokes equations and the evolution of passive tracer are 
performed for this purpose. The simulations are run with different flow rates and validated with the Particle 
Images Velocimetry (PIV) experiment. Down-flow and up-flow ratio, slanted edges and the distance of the 
baffles to the bottom are analyzed by quantifying the mixing homogeneity and mean residence time. The 
three-dimensional CFD simulation results of the ABR shows a good agreement compared with the PIV 
experiment results. At higher wastewater flow rates, homogeneity increases in the reactor; however, the 
higher velocity at the upflow part of the chamber potentially affects the solid washout. Increasing the ratio 
of downflow and upflow parts, keeping the distance of baffles close to the bottom, and raising the angle of 
slanted edge, provides better homogeneity. Designs with a ratio of 1:4, the normalized distance of baffles to 
the bottom of z/H=0.11, and the slanted edge of 450 showed the best performance amongst the tests. 
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We examined the impact of the wastewater spreading to the water environment in the right bank area of the 
Middle Meghna River. Meghna River has the possibility to have water intake points to supply drinking water 
to Dhaka City, however, the surrounding area just the upper part of the confluence with Padma River is 
already polluted with contaminants of industrial and agricultural origin. In this area, economic zones have 
been proposed and, flood assisted spreading of industrial wastes as well as fertilizers and pesticides used in 
agriculture may act as long-term pollution sources. To reveal the impact of the spreading of pollutants, we 
performed the numerical flood and substance spreading analysis with consideration of groundwater. As a 
result, we showed the spatial distribution of the spread pollutant and its effect on groundwater 
contamination.
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Flows over beds covered with streamwise ridges exhibit counter-rotating cells in the time-averaged velocity 
field with associated streamwise vorticity. These secondary current cells scale with the inter-ridge spacing, 
interact with large-scale turbulent structures, and contribute to momentum and energy transfer within the 
flow with implications for mixing, bed friction, and sediment transport. A better understanding of the 
mechanisms that control the formation of secondary currents, their size and their strength may lead to 
improvements in the modelling, design, and management of open channels. The double-averaging (averaging 
in time and in space) methodology provides a useful framework to study flows over ridge covered beds, as 
with careful selection of the spanwise size of the averaging domain to a multiple of the ridge spacing, the 
equations are greatly simplified and terms in the momentum and energy balance equations are neatly 
partitioned into turbulence and secondary current contributions. In this study, we explore the distributions 
of these terms and their dependence on the interridge spacing for the case of smooth triangular shaped ridges 
overlying a hydraulically rough bed. 
 
Our data, obtained with stereoscopic PIV, indicate that the normalised momentum and energy fluxes 
associated with secondary currents collapse when plotted as functions of (z-d)/s, where z is the vertical 
coordinate, s is the transverse ridge spacing, and d is a constant that aligns the elevation of secondary current 
cell centres. Contributions of the secondary currents to the total transport of momentum and energy were 
similar in magnitude to the contributions of turbulence. We also observed the data collapse for the vertical 
gradient of the double-averaged streamwise velocity when normalised with u*/s, where u* is the shear 
velocity, suggesting that the shape of the mean velocity profile was dominated by the secondary currents. 
Analysis of the double averaged equations for the Reynolds stresses indicates that energy flows initially to 
the double-averaged streamwise velocity through a gravity source term where it is then distributed to 
streamwise velocity spatial and turbulent fluctuations. Energy is then distributed from the streamwise to the 
vertical and transverse turbulent fluctuations via a pressure-strain term. Finally, energy of the secondary 
currents does not come directly from the double-averaged streamwise velocity, but it is instead supplied by 
harvesting the energy of the transverse and vertical turbulent velocity fluctuations, confirming a strong 
association between turbulence and secondary currents generation. 
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In many countries, regulatory requirements concerning drinking water stipulate the necessity for 
implementing strategies and developing tools to reduce the presence of chemical contaminants, while 
maintaining microbiological integrity without compromising the aesthetic quality of drinking water. This 
challenge is all the more important given the deterioration of source water quality (increasing presence of 
organic and inorganic contaminants), the difficulty to remove DBP precursors in water treatment plants, and 
the increasing complexity of distribution networks (network interconnections, reservoir upgrades, secondary 
disinfection within networks, etc.). Better knowledge of emerging contaminants and the factors governing 
their spatio-temporal variability would allow managers to take steps to reduce these contaminants, but also 
to implement better monitoring strategies.  
 
In the past eight years, we have carried out an intensive sampling and laboratory program in about forty 
municipal drinking water systems of Canada to monitor and evaluate the levels of various contaminants of 
emerging interest. The municipal systems were selected in accordance with the type of source watersheds, 
types of treatment and disinfection strategy, size and hydraulic characteristics of the distribution system, past 
information on regulated DBPs and presence of specific precursors is source waters. Monitoring was 
conducted at various moments of the year to take into account seasonal water quality and temperature 
pattern changes, and at various locations within the treatment plant and the distribution extremities to take 
into account the residence time of water within the municipal network.  We have focused on the following 
compounds found at very low concentration levels in drinking water (from ng/L to few ug/L):, 
haloacetonitriles, halonitromethanes, haloketones, aldehydes, Iodinated THMs and HAAs, N-nitrosamines, 
chlorite, chlorate, bromate.  
 
These data obtained was analyzed using appropriate multivariate statistical models to explain the 
contribution of individual operational and water quality parameters to the variability of the various emerging 
DBPs. The results show that despite the very low concentrations of these compounds, their levels change 
considerably according to the residence time of water and the period of the year. It was observed that the 
patterns for spatial and temporal variations are not comparable between the different species of emerging 
contaminants. Indeed these patterns for emerging DBP variability are mainly associated to the variability of 
their precursors in source water, the operational conditions at the treatment plant, and the hydraulic 
characteristics of the distribution systems. This database on emerging DBPs also served to identify of 
representative time/space monitoring strategies, and to compare them to strategies already applied to 
regulated contaminants. This research also demonstrated the relevance of generating robust spatio-temporal 
databases to adequately assess population exposure to conta 
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The knowledge of flow hydrodynamics and turbulence structure in natural rough-bed rivers is especially 
important to identify sediment transport processes and rivers morphological changes. Natural bed rivers are 
often in the presence of the macro-roughness elements, such as gravels and boulders. Literature indicates 
that gravel-bed flows are characterized by complex fluid/bed interactions (wake flow downstream of gravels, 
acceleration over gravel crest and deceleration in interstices between gravels) occurring especially in the 
near-bed zone and determining spatial flow heterogeneities (Nikora & Goring 2000). Thus, the presence of 
gravels determines a significant impact on the flow velocity field determining the formation of coherent 
turbulence structures which evolve periodically along the downstream direction. The turbulent structures 
make complex the aforementioned interaction processes and affect the lateral diffusion and the stream-wise 
and vertical transport processes. In recent years, considerable progress has been made in the research in this 
field. Although the classical procedure consider the time-averaged hydrodynamic quantities to analyze 
natural bed flows, recent studies (among others Dey & Das 2012; Nikora et al., 2013) indicate that, because 
of the aforementioned heterogeneity effect, both the temporal and the spatial averaging of the flow 
quantities provide a better understanding of the turbulence characteristics.  
In this study, a laboratory experiment in a straight channel has been conducted to measure the three-
dimensional instantaneous flow velocity components over a heterogeneous coarse sediments. The 
experimental results are used to analyse the flow velocity field and the turbulence characteristics. According 
to previous works (Nikora et al., 2013) double averaging, which includes both the time-and the spatial 
averaging, has been applied to estimate the mass and momentum conservation terms.  
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Sustainable urban Drainage Systems (SuDS) are becoming a common solution to address the increase in flow 
discharges, runoff volumes and pollutants concentrations caused by urban expansion. Among them, the use 
of permeable pavements is nowadays widespread due to their demonstrated effectiveness in managing and 
treating stormwater. However, there is great uncertainty in how the clogging of permeable pavements affects 
their long-term performance in terms of permeability reduction and pollution removal efficiency. Therefore, 
this study focused first in assessing the influence of clogging on the rainfall drained through porous asphalt 
slabs of 0.4 m x 0.4 m x 0.15 m. The hydrology behaviour and removal efficiency of the asphalt were analysed 
for different scenarios and grades of clogging by adding surface sediment loads between simulated rain 
events. For this purpose, the slabs were disposed in a tailored 1 m² experimental bench, which consists of a 
drippers-based rainfall simulator that can generate uniform and realistic rainfalls of 30, 50 and 80 mm/h of 
intensity. Then, for different sediment mixtures, consecutive build-up and wash-off experiments were carried 
out to analyse the long-term hydraulic and pollution removal efficiency of the asphalt. The water flow drained 
from the test slabs was collected and the flow discharge and the sediment concentration were measured to 
determine the permeability and sediment trapping efficiency temporal evolution. The overall objective is to 
quantify how the permeability and removal efficiency changes as the pavement becomes clogged, and to 
investigate the influence of the sediment grain size in the process.  
In addition, a porous layer of the asphalt analysed was used for the retrofitting of an impermeable concrete 
surface of a 36 m² full-scale street section physical model that uses the same system to simulate rain. The 
objective is to analyse the impact of the porous asphalt layer on the hydrology and the mobilization of 
pollutants under full-scale and laboratory-controlled conditions, and to compare with previous tests 
developed using a conventional impervious concrete pavement. The initial results showed that the permeable 
pavement layer disposed over the street concrete surface reduces by 50% the peak of the drained flow in the 
worst case studied (rain intensity of 80 mm/h during 300 s), presenting also a lag of more than 3 minutes. 
This confirms and quantifies the benefits of this type of permeable pavement in urban stormwater 
management and, together with the analysis of its long-term performance, contributes towards more 
efficient implementations and maintenance strategies.  
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A new type of successive trough scale adapted to gauging stations with a minimum flow channel (mfc) is 
presented in order to permeabilise the barrier caused by the water jump from this channel to the river. The 
mfc of the station is built at a certain height with respect to the levels of the river so that it does not affect 
the flow through this channel and measurement is possible, which creates a barrier that prevents fish from 
rising. The first pool of this scale requires a detailed design and calculation, special and different from the 
usual trough scales, so that the water level in it does not flood the flow with an excessive height. For this 
purpose, there are numerous weirs in this basin, which make it possible to adjust the water level for the 
different flow rates and thus the difference in height with respect to the downstream flow sheet in the flume. 
The quantification of the measurement error as a function of the degree of submergence is obtained from 
the abacus of the research carried out by the U.S. Army Engineers Waterways Experiment Station (1952). The 
calculation is made on the basis of the design of the first pond with the weirs considered appropriate, checking 
that it is valid for the values of the flows considered; for each value, the possible existence of error must be 
checked in order to modify the weirs or the difference in level. Once the first pond is established, the design 
and calculation of the rest of the ponds is made easier with the conditions that facilitate that the difference 
in level between the ponds allows the fish to ascend without difficulty and that the hydraulic power dissipated 
is below the admissible threshold.
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To transfer fish across barriers, fishways are commonly used. A multidisciplinary research team from UNSW 
Sydney, has made important progress on the operation of a new type of fishway, the Tube Fishway, under 
controlled conditions in the laboratory. Research has shown that fish can be successfully attracted into the 
Tube Fishway’s transfer chamber, while an innovative lifting mechanism based upon an unsteady surge, has 
been introduced to avoid the use of a mechanical pump. Using this lifting mechanism, tests with juvenile 
Australian bass (Percalates novemaculeata) and silver perch (Bidyanus bidyanus) have shown that fish can be 
safely lifted in Tube Fishways with heights of 4 and 8 m. Replacing live fish with a neutrally buoyant sensor 
packet, has provided important guidance on the pressures and accelerations that fish would experience 
during operation of the Tube Fishway. Trials with an automated Tube Fishway have demonstrated the fully 
automated operation of the Tube Fishway paving the way for upcoming field installations of Tube Fishways. 
Important lessons from the laboratory experiments are discussed and future research needs addressed.
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Natural rivers have been significantly fragmented by barriers that impede fish migration, leading to a rapid 
decline in abundance of some freshwater fish species. To remediate the regulated river regimes, fishways are 
essential to facilitate fish migration. The Tube Fishway allows the lifting of fish at near-atmospheric pressure 
across barriers >100 m. A key part of the Tube Fishway’s operation is the attraction of fish into the transfer 
chamber via a slotted entrance. Recent laboratory research has shown that silver perch (Bidyanus bidyanus) 
and Australian bass (Percalates novemaculeata) can be successfully attracted by velocity of 0.15 m/s. 
However, a better understanding of interaction between attraction flows and the rheotactic behavior of fish 
is needed. New experiments investigated the response of fish to hydraulic parameters (velocity and turbulent 
kinetic energy) in the flow region downstream of the transfer chamber’s entry slot. The flow resembled jet 
flows which was concentrated across a small section of the entry zone. The majority of fish followed the jet 
flow trajectory with higher velocity and turbulent kinetic energy on their way into the transfer chamber. This 
finding provides important guidance for the effective operation and further optimization of attraction of 
juvenile fish into Tube Fishways. 
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The Lurín river originates from the melting of the snow-capped mountains of the Andes mountain range, 
crossing the districts of Cieneguilla, Pachacamac and Lurín; discharging its waters to the Pacific Ocean, 
supplying water to the inhabitants of the surrounding areas, it also maintains agricultural, livestock areas for 
human consumption with irrigation. In 20 km of the lower part of the river, 13 sampling points were 
distributed (8 in the river and 4 in effluents), obtaining the dissolved oxygen and the biochemical oxygen 
demand, the hydrodynamic characteristics such as: speed, depth and width of the river, the water balance 
considering the demands of the catchments of irrigators, the contribution of the Tinajas stream, the 
contribution of springs and seepage from the riverbed, during the period from February to August 2019. The 
digital elevation model was obtained, from images obtained from an unmanned aerial vehicle-UAV, the 
topography and satellite images of the study area, which allowed the simulation of the hydrodynamic 
characteristics of the river with the HEC-RAS program, and the formulas of Leopold and Maddock. The 
Streeter-Phelps water quality model was calibrated with the help of the excel solver optimization algorithm, 
obtaining the calibration of the parameters θk1, θk2, a, b, c, k1, k2 and k3 with values of (X ± S) : 1.19 ± 0.23, 
1.02 ± 0.18, 0.87 ± 0.25, 0.85 ± 0.28, 2.53 ± 1.58 0.33 ± 0.89, 12, 66 ± 0.85 and 0.44 ± 2.43 respectively, in 
addition to a performance from “good” to “very good” for the Nash and RSR indices with a Pearson R of 0.9, 
significant for a student's T-test. with an α of 5%. During the dry season, the presence of diffuse contamination 
in the Pachacamac districts and seepage due to recharge from the aquifer to the river was evidenced. Three 
scenarios were simulated: optimization of the San Bartolo WWTP (i), passage of the irrigation canal from open 
to closed (ii), and the implementation of the Pachacamac WWTP (iii), being the optimization of the San Bartolo 
WWTP and the implementation of a Pachacamac WWTP, the most viable alternative for the river to meet the 
water quality standards, as well as the threshold flow. 
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Building fishways at large river dams with hydropower presents a challenging task: the operational discharge 
of the fishway is often not sufficient to establish an adequate attraction flow. In order to add auxiliary 
discharge, supply structures are constructed near the entrance pool. Therefore, fish biologists demand a slow 
and homogeneous supply velocity with low turbulence rates to prevent negative effects on passing fish. 
However, these requirements are hard to meet since fishway-guidelines are unspecific in terms of design 
recommendations and space is limited near hydropower plants. Usually, the auxiliary flow is taken from the 
headwater and fed to the supply structure, wherein it propagates as a jet with high flow velocities. Jets have 
a low rate of homogenization and long structures are necessary for homogeneous flow to develop. For this 
reason, homogenization elements are necessary to enable shorter supply structures. Although many studies 
about jet homogenization in e.g. outlet structures or sedimentation basins exist, no studies are available that 
focus on such restricted spatial conditions. Six homogenization elements for jet homogenization were 
evaluated by means of CFD models and a new defined evaluation criterion for homogeneity. Results show, 
that conventional baffle-like structures show insufficient homogenization rates. Significantly better results 
were achieved by the use of static mixers, which are well-established for mixing highly viscose fluids in 
chemical industries and tested here in terms of jet homogenization for the first time. In conclusion, a 
consistent evaluation criterion for homogeneity in supply structures and a space saving homogenization 
element are presented.
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Gravity-driven flow in porous media has been extensively investigated in recent years in connection with 
numerous environmental and industrial applications, including seawater intrusion, oil recovery, penetration 
of drilling fluids into reservoirs, contaminant migration such as NAPL spreading in shallow aquifers, and carbon 
dioxide sequestration in deep subsurface formations. Analytical and numerical solutions are available for 
various geometries and boundary conditions, including different drainage mechanisms. Their use can be 
extended to gravity-driven flow in narrow vertical fractures or cracks via the well-known Hele-Shaw (HS) 
analogy between parallel plate and porous media flow, with the aperture b squared being the analog of 
permeability k according to k = b²/12. 
The propagation of gravity currents in porous and fractured media is mainly governed by the interplay 
between viscous and buoyancy forces, typically with negligible inertial effects, and is affected by spatial 
heterogeneity of medium properties; permeability, porosity, and aperture gradients have been shown to 
affect the propagation distance and shape of gravity currents, with practical implications for remediation and 
storage. This paper is interested in the dynamics of gravity currents propagating in a porous medium with 
spatial properties varying parallel to the flow direction under the coupled drainage mechanisms of a fixed 
edge and a permeable substrate. Simultaneous permeability and porosity gradients parallel to the flow are 
considered: this is equivalent to a fracture with a horizontally variable aperture, as the Hele-Shaw analogy 
necessarily accounts for both permeability and porosity gradients. 
We consider a Newtonian fluid with a density of ρ+Δρ intruding into a porous medium and advancing in a 
fluid of density ρ under the sharp interface approximation, where a no-flow boundary condition is considered 
at the origin x = 0. We assume that the fluid drains away simultaneously from the permeable base and an 
edge and neglect vertical velocities in a long and thin current; this implies vertical equilibrium and, in turn, a 
hydrostatic pressure distribution within the advancing current. The final assumption is of vanishing height of 
the current at the draining edge after a relatively short adjustment time, favoured by increased 
permeability/porosity or aperture along the flow direction. 
Under these assumptions, a semi-analytical solution is derived for the height of the current h(x, t) in a self-
similar form, valid as a late-time approximation modelling the drainage phenomenon after the influence of 
the initial condition has vanished. This allows transforming the nonlinear PDE governing the flow into a 
nonlinear ODE amenable to a numerical solution. Besides, the current profile yields the amount of fluid loss 
through each of the drainage mechanisms. Results are discussed as a function of model parameters, and an 
analysis of the conditions required to avoid an unphysical or asymptotically invalid result is presented. 
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Aquatic ecosystems are affected by anthropogenic influence in many aspects. One among those is thermal 
pollution, which may be caused by discharging cooling water of nuclear power plants back to the river 
downstream of the intake. Research targeting this effect tends to focus more on coastal areas and small rivers, 
while less is known about the impact on large rivers. The Paks Nuclear Power Plant is situated on the right 
bank of River Danube in Hungary and operates by once-through wet cooling relying on the river. After usage, 
the heated water is returned directly into the river with a discharge of 100 m³/s at most. As the mean Danube 
discharge here is 2300 m³/s, it creates a locally variable aquatic environment, regarding temperature and flow 
velocities as well. We aimed to investigate the abiotic and biotic (on fish assemblages) effects of the heat tail 
through seasonally repeated (spring, summer, autumn) field surveys. 8 study sites were appointed on an 
approximately 10 km long river reach, 3 located upstream and 5 downstream to the output. 
Hydromorphologic survey included high resolution acoustic water bathymetry, velocity and thermometry 
measurements, along with substrate sampling. Fish were collected by offshore bentic trawling and near-shore 
electric fishing.  
A clear effect was observed on the water temperatures downstream, causing a 3-4°C temperature differential 
on the right side of the nearest site. This difference decreased slowly and remained at least 1-2°C on the 
investigated reach, without complete mixing. Another, but much less apparent impact was on the velocity 
field, mainly at lower flow regimes, when the returned discharge is proportionally higher. Other 
hydromorphologic variables, such as water depth and substrate did not seem to be influenced by the returned 
cooling water.  
Nearly 16400 individuals of 36 fish species were sampled altogether during the survey campaign. The highest 
offshore fish abundance was observed near the confluence of a side branch and the main channel, 
downstream from the output, regardless of season. Overall, the assemblage structure showed great 
variability within the reach, in which the heat tail did not seem to be determinant.
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This paper describes the construction of a full-scale physical model of an existing block ramp from the in-situ 
survey to its operation in the laboratory. The laboratory experiments are part of a research project focusing 
on the identification and quantification of fish migration corridors on nature-like unstructured block ramps. 
An important aim of the research project is to link fish trajectories to bed topography and flow characteristics 
based on experiments with live fish in both the prototype and laboratory environment.  
An existing, and in terms of fish migration functional, block ramp in the Ilme river in Lower Saxony, Germany, 
was chosen as a best-practice example for the implementation of the project. For the in-situ survey, the block 
ramp was completely drained by setting up a temporal dam of gravel-filled big bags and a plastic foil to divert 
the water into an upstream side channel, while pumps installed in the backwater ensured an adequate 
environmental flow downstream of the drained ramp. Structure-from-motion (SfM) photogrammetry and 
terrestrial laser scanning (TLS) were used for the survey. After completion of the survey, the dam was 
dismantled, and the original situation in the river was restored. The collected data were postprocessed in 
several steps to create a digital twin of the ramp as a basis for the laboratory setup. For the model tests, a 4 
m wide and 10 m long section along the main flow path on the ramp was chosen.  
The tests were performed in the Laxelerator, a unique etho-hydraulic facility at the hydraulic laboratory of 
Vattenfall Research & Development in Älvkarleby, Sweden. The Laxelerator is built as a race-track flume in 
which water quality, temperature and lightning are controlled and monitored, and the flow can be 

accelerated so that a flow capacity of up to ≃16 m³/s can be reached. It has two straight 25 m long test 
sections that are 4 m wide and 2 m deep, and one of these sections was used for the tests with the model-
ramp. The 1:1 model was manufactured in Styrofoam using a CNC-technique and mounted with geometrical 
modifications of upstream and downstream ends to create appropriate flow conditions. Materials and 
construction of the model were chosen to provide a suitable environment for live fish tests but also to manage 
the harsh flow conditions and forces created by the flow and buoyancy of the Styrofoam. The laboratory is 
certified for research with live fish and ethical permit for the project was given for several to Sweden native 
fish species relevant for the German river. Preliminary results from the currently ongoing tests will be 
provided at the conference. 
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The module IberHABITAT, developed for the 2D hydraulic model Iber, is based on the combination of both 
hydraulic and hydrobiological variables to create a habitat or eco-hydraulic model. This module allows to 
obtain classified areas of Physical Habitat Suitability (PHS) for targeted fish species in relation to a specific 
discharge. This particular approach has been applied in a 17.2 km-long pilot section of the Duero River 
between Toro and Zamora (Spain) within the DRAINAGE project for the integral management of flood risk. 
For the present study, the IberHABITAT modelling tool was run to obtain the SPH areas of three 
autochthonous fish species under four discharges: mean and minimum annual flow, and two ecological flows 
(ordinary conditions and drought conditions). The selection of the targeted fish species (Barbus bocagei, 
Chondrostoma duriensis and Squalius carolitertii), was based on previous surveys by the Duero River Basin 
Authority. A bathymetric survey was specifically obtained for this study, since the study area is characterized 
by complex geomorphology (bars, islands, pools, backwater areas, etc.). Results show the spatial distribution 
of the SPH of the selected fish species and the relationships between physical habitat and certain 
characteristic discharges. It is noteworthy that, under very low flow conditions, the most suitable areas for 
the adult and juvenile stages of B. bocagei are almost non-existent. At present, the recurrence of periods of 
minimum flows, as well as their duration, may be limiting the diversity of fish communities in the study 
section. 
This eco-hydraulic perspective is necessary for the characterisation of the study area as baseline for the 
proposal of nature-based solutions within the DRAINAGE project, seeking to balance the objectives of nature 
conservation with the prevention of flood damage.
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Urban water supply system (UWSS) undertakes the daily water distribution of a city. Huge loss of water and 
energy can be caused if the pipe system is aging and damaged. Current average water leakage rate in UWSS 
around the world is above 30%, this critical number indicates that it is necessary and urgent to develop 
innovative method for effective water loss management in UWSS. This study aims to develop a new transient 
wave analysis method (TWAM) on the basis of signal processing method Ensemble Empirical Mode 
Decomposition (EEMD) based Hilbert-Huang Transformation (HHT) for its superiority on non-linear and non-
stationary signal. Compared to current leak detection methods, this new TWAM is a real-time, non-invasive 
method that can support long term monitoring of the UWSS. Various numerical and experimental applications 
were applied to test and validate this method. The results and achievement of this study helped to improve 
the detection efficiency of leaks in pipeline, provide the quick response and identification of pipeline 
operation conditions by monitoring the UWSS, and therefore reduce the risk of water loss, strengthen the 
water supply security, enhance the efficiency of urban water use, thus achieve sustainability of UWSS 
development. 
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This paper concerns a case study of leak detection in real sewage rising mains in Hong Kong using transient-
based time-reversal methods. Pressurized sewage transmission lines bring complexities to transient-based 
defect detection methods that are not encountered in water supply lines such as wave speed variability due 
to the presence of gases, air, and solids. The defects involve a real leak that occurred in Chung Hom Kok Road 
sewage rising main and simulated leaks in Chung Hom Kok Beach conveyance system. The simulated leak 
flows varied from 0.1 l/s to 1  l/s. Two transient generation mechanisms were used: a pump shutdown and 
rapid closure of a side discharge valve. Baseline (leak-free) transient response signals are measured in both 
systems. It is shown that the model-free time-reversal method which effectively cross-correlates the signal 
with and without a leak localizes the leaks to within the diffraction limit of half the probing wavelength (λ/2). 
The fact of λ_(pump)>>λ_(valve) meant that the leak resolution by the pump shutdown is poor in comparison 
to that of the valve closure. The challenges encountered during field tests are summarized and suggestions 
for good practice are proposed.
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This paper presents the mathematical modeling studies carried out for the hydraulic transients protection 
design of a water pipeline system that includes a pumping station and two ductile iron aqueducts of 
1200/1000mm in diameter, for about 18km length and a design flow of 2m3/s each.  The system has no water 
reservoirs and the longitudinal profiles of pipelines are approximately flat, so the main problem during 
hydraulic transients due to pump failure is depression. Air vessels were adopted as hydraulic transient 
protection. The demand nodes, located along the main pipelines, are supplied directly through pressure 
control valves which also contribute to transient protection. To model these valves during hydraulic 
transients, a specific simplified methodology was developed.  After system commissioning, data obtained 
from field measurements were used to verify the mathematical model. The results validated the model as a 
design tool and show that it is useful for studying transients in the existing aqueducts. 
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The present study is aimed at characterizing a real service line subjected to users’ activity. The minor system 
considered serves a holiday home in a seaside resort on the Adriatic coast, in northern Italy. The household 
service line was monitored by acquiring pressure sampled at a frequency of 500 Hz. Two experimental 
campaigns were executed: in a winter period when no people were living in the holiday home nor in nearby 
houses, and in a summer period during which both the selected holiday home and nearby houses were 
inhabited. In the first campaign, transients were generated by manoeuvring single devices within the 
plumbing system of the house (mixer taps, knob taps and toilet flushes), and pressure signals were acquired 
just during these manoeuvers. The aim of these tests was to characterize the effects of each single device 
manoeuver, in pressure terms. In the second campaign, pressure signals were acquired in continuous for 
more than one week. The analyses of the collected data highlighted that the service line is subjected to 
pressure variations which can be very significant and depend on the type and position of the operated devices 
within the plumbing system of the house, as observed in the first campaign, and also of the nearby users, as 
observed in the second campaign. 
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In computational fluid dynamics, application of machine learning (ML) has gained momentum ever since the 
introduction of physics-informed neural networks (PINNs) wherein physics is used as constraint. In this paper, 
a PINN algorithm is developed to predict the transient wave propagation in a simple reservoir-pipe-valve 
(RPV) system. The training data is generated by solving the water-hammer equations using the method of 
characteristics (MOC). Then, pressure-time signal at either end of the pipe and at one point inside the pipe as 
well as the initial state of the system are provided as input to the neural network (NN). The PINN model 
parameters (i.e., weights and biases) are optimized using (1) adaptive moment estimation (Adam), and (2) 
limited-memory Broyden-Fletcher-Goldfarb-Shanno (L-BFGS) algorithms. The loss function which determines 
the convergence of training process is the sum of (1) the mean-squared-error between the predicted and 
exact input data, and (2) the homogeneous one-dimensional wave equation. The latter loss function is based 
on wave physics which restricts the NN to must satisfy the wave equation inside the domain of interest. The 
results show that L-BFGS based solution is in good agreement with the exact MOC solution, whereas Adam 
optimizer fails to satisfy the physics-based constraint inside the domain of interest. Moreover, the results of 
PINN model are compared with the ordinary NN wherein the physics-based constraint is absent. It is found 
that the ordinary NN approach is unable to predict the wavefield, implying that physics-based constraint is 
essential. Through this paper, we hope to develop interest in PINNs in hydraulics as it is an integrated 
framework to develop physics constrained data-driven models.
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The current paper aims at the discussion of the main uncertainties associated with the calibration of hydraulic 
and mechanical parameters of a transient solver in a multi-pipe system. A transient solver developed for 
pressurized water pipe networks incorporating unsteady friction and pipe wall viscoelasticity is used. 
Experimental pressure signals are collected in an experimental high-density polyethylene pipe rig assembled 
at the Water Engineering Laboratory of the University of Perugia, Italy. Most relevant parameters of the 
transient solver are the valve opening and time-manoeuvre, the elastic wave speed, unsteady friction and the 
Kelvin-Voight parameters associated with the pipe wall viscoelastic behaviour function. The calibration of the 
Kelvin-Voigt parameters is carried out using an inverse transient solver incorporating the Levengberg-
Maquardt optimization technique. Calibration is carried out for different elastic wave speeds obtained 
experimentally for each pipe and either considering or not unsteady friction. Calibrated creep functions are 
compared. Results highlight that, in hydraulic transients in viscoelastic pipes, most relevant parameters are 
the valve manoeuvre and the viscoelastic behaviour, whereas the unsteady friction effect can be neglected 
and described by the obtained creep function. 
 
Keywords: Hydraulic transients, water distribution network, viscoelasticity, solver, calibration
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Non-linear flow in porous media, governed by the Forchheimer equation, interacts with domain 
heterogeneity when geologic media are involved. In Forchheimer’s law, the pressure gradient is equal to the 
sum of a linear term in the flow rate (akin to Darcy’s law) and a quadratic term proportional to the second 
power of the flow rate; the latter coefficient of proportionality is the Forchheimer coefficient. As most 
experimental values of the Forchheimer coefficient have been derived at the laboratory scale, it is necessary 
to investigate its upscaling at the field scale in heterogeneous aquifers. 
Consider a uniform pressure gradient flow in a spatially heterogeneous, perfectly layered permeability 
random field with a given probability density distribution. The local Forchheimer coefficient β is related to the 
local permeability k value via an empirical inverse power-law correlation reading β=a/k^c, having an 
experimental basis and widely adopted in the literature, where a is a constant and c an exponent in the range 
0-2. Under the ergodic hypothesis, the effective permeability and Forchheimer coefficient can be derived in 
two limit cases under one-dimensional flow: (i) a serial arrangement, with flow crossing layers having different 
permeability, and (ii) a parallel arrangement, with parallel flows within layers of different permeability.  
Results obtained for the effective permeability recover the lower and upper bounds valid for 1-D Darcy flow 
in heterogeneous media, i.e., harmonic and arithmetic mean of the permeability distribution for the series 
and parallel arrangement, respectively. The expressions obtained for the effective Forchheimer coefficient 
generalize previous formulations derived for a discrete parameter variation. In particular, an expression for 
the effective Forchheimer coefficient is derived in closed form for the serial arrangement, while numerical 
values are derived for the parallel arrangement. The impact of spatial variability is assessed adopting a 
lognormal permeability distribution. 
The effective Forchheimer coefficient βeff increases with the permeability coefficient of variation for both 
arrangements; for the serial case, it also increases with the exponent c; the opposite is true for the parallel 
arrangement.  
One-dimensional results obtained for serial and parallel arrangements provide lower and upper bounds for 
evaluating the effective Forchheimer coefficient in 2-D flows. Results for 2-D isotropic media are derived 
heuristically via geometric averaging of the 1-D expressions. 
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Pumping stations are hydraulic structures that are used in many different types of critical infrastructure 
around the world, including cooling systems for power plants  and drainage and wastewater management 
schemes. Amongst the various hydraulic design tasks performed for pumping stations, the mitigation of 
swirling flows at the pump intakes is a critical one. Ensuring the absence of swirling flows minimises adverse 
effects at the pumps, such as stimulation of vibration, cavitation and air entrainment, and ensures good 
working conditions, allowing pumping equipment to meet the design life requirements. Key performance 
indicators for ensuring an acceptable hydraulic performance include the variations of the velocity conditions 
and swirl angles at the pump intakes,  and absence of strong surface and subsurface air entraining vortices. 
According to ANSI/HI-9.8 standards, confirmation of the design against these indicators is recommended to 
be assessed with physical models.  
 
However, with the advance of Computational Fluid Dynamics (CFD) modelling tools  the  engineering 
community is interested in the application of these tools as a means to  assess hydraulic performance in the 
context of the ANSI/HI-9.8 performance indicators.  The ability to use CFD modelling in this way will allow 
increased confidence in the design process leading to reduce capital and operational costs. Recent studies 
have been performed in this direction (Torbaty 2019), but there are still open questions regarding the 
applicability of CFD modelling and assessment of the hydraulic design and performance against the ANSI/9.8-
HI performance indicators described above. 
 
In this work, we attempt to address some of the key questions by re-visiting past experiments of pumping 
stations performed in HR Wallingford’s laboratory and repeating tests using CFD simulations with OpenFOAM. 
New workflows and analysis methods are proposed to assess the velocity profiles and swirl angles at the 
intakes and the relative strength of surface and subsurface vortices. Results show that the CFD model results 
can provide good agreement with experimental data relating to the variation of velocity at the pump suctions, 
with the CFD model output showing a tendency to slightly overestimate the velocity profile variation. CFD 
output of swirl angles show a good agreement with experimental trends as and overall indicator of 
performance, whilst some differences where observed at individual pumps. The methodology proposed to 
assess CFD model results with respect to the classification of surface and subsurface vortex strength presents 
a very good correlation with laboratory observations. In overall terms, a good correlation between physical 
and CFD model results is achieved for assessing hydraulic performance of pump intakes against swirling flow, 
in the context of ANSI/HI-9.8 standards. The uncertainties of the methodology are also captured and further 
discussed and evaluated.                
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A modification to a previous shock tracking capturing approach used for simulating transient flows in 
stormwater systems has been proposed. The original approach is able to handle different situations occurring 
in stormwater systems. The objective of this paper is to improve the poor behavior of the original approach 
while preserving its abilities. The poor behaviors include overestimating peak values, underestimating the 
attenuation, and oscillatory behavior. Based on the Godunov-type finite volume method, this modified 
approach uses two governing equations for free-surface and pressurized flows. The free-surface flow is 
calculated explicitly, while the pressurized flow is discretized on one control volume and calculated implicitly. 
It will be shown that, as a result of the numerical dissipation of the implicit scheme, the proposed modification 
can improve the overestimated peak values and the underestimated attenuation of pressure distribution. In 
addition, it will be shown that the proposed modified approach exhibits less oscillatory behavior, particularly 
in simulating pipe-filling bore advancement.  
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Water reuse has been evidenced as the most sustainable alternative to the use of freshwater sources in terms 
of cost and environmental impact. However, wastewater salinity is a challenge in wastewater treatment 
(WWTP) and reclamation (WRP) plants where collectors receive industrial brines, agricultural runoff waters 
and/or marine intrusion. Conventional WWTP or WRP are not designed for salinity removal, which becomes 
a limiting water quality parameter in water reuse. This limitation entails consumption of freshwater sources 
for non-potable uses instead of more sustainable alternatives, as well as the discharge of effluents with 
nutrients to natural water bodies. Its reuse would prevent eutrophication by diverting the nutrients to 
irrigation applications, where they would be fixated by plants. 
 
The overall objective of LIFE CONQUER is the demonstration of an innovative water reclamation process 
based on the use of Smart Nanofiltration (NF) that will divide salinity and nitrates, obtaining a produced 
reclaimed water rich in nutrients to re-use it for irrigation, and remove dissolved salts by concentrating them 
in brines. Additionally, it will demonstrate the use of electrochemical processes to valorize generated brines 
and transform concentrated salinity in valuable by-products (sodium hypochlorite) needed in treatment 
processes.  
 
A semi-industrial prototype able to treat up to 20 m3/h has been designed and will be operated 24/7 from 
February 2022 to January 2024 to evaluate the technical and economic advantages of the process. Prototype 
consists on NF membranes, Mono-Selective Electro reversal Dialysis and electrooxidation process to produce 
sodium hypochlorite. Prototype feed water is the effluent of Zarandona WRP, Murcia, which treatment 
consists of a Sequencing Batch Reactor followed by Ultrafiltration (UF) membranes. WRP effluent has a high 
salinity, 3.5±1 mS/cm, above the limit established by the Spanish legislation (3.0 mS/cm).  
 
During the design phase, different ionic compositions are being assessed to know the effect of wastewater 
variability in the WRP. Initial results show that 30% of WRP effluent will be treated through the 20 m3/h NF 
prototype with permeate recovery of 80%. The NF rejection values are: 15-30% of NaCl, 99% of MgSO4 and 
5-10% of dissolved nitrates. NF will be blended with WRP effluent to produced 0.5 hm3 per year of reclaimed 
water rich in nutrients and will be injected in the Urban Irrigation Network of Murcia. It will avoid the 
discharge of 1.3 ton of Neq into the environment. The brine valorization treatment will first concentrate the 
NaCl up to 5.000 mg/L, and then apply an electrooxidation process that will produce (3 kg NaClO/h) 26 ton 
per year of sodium hypochlorite. 
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The aim of the presentation will be to explain in more detailed the scope of the project, design of the units 
and initial operational results after 4 months of continuous operation. 
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Airflow patterns in stormwater system haven’t met much attention in respect of increased runoffs. Climate 
change, providing more severe storms are deepening management issues of urban infrastructure due to 
increased rainwater volumes in cities. An increase in stormwater runoff also may introduce a new-type 
pollution problem of urban environment. Stratified flow in sewers may be influenced by various factors such 
as pipe geometry, boundary and fluids interfacial drags, air-water mixing, venting condition etc. Water 
dynamics in the sewers can be reasonably well gained by the hydraulic models, but modelling of sewer 
ventilation is more problematic. The air-water interactions in stormwater system with ventilation are 
explored through the use of 3D numerical model. This study analyses the air-circulation process qualitatively 
in a hydraulic system with air-water stratified flow through a reduced-scale computational fluid dynamics 
model using the open-source software. The air exchange that is associated with the hydraulic system 
particular in- an outflow case is under focus. The case study demonstrates the ability of the numerical model 
to predict of air-water interfacial drag and associated air burst in the hydraulic system, which is ventilated 
trough several openings.
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Grey water recycling is one of the sustainable, alternative water sources explored under the Total Water 
Management Strategy promulgated by the Water Supplies Department (WSD) of the Government of the Hong 
Kong Special Administrative Region (the Government). Being unsusceptible to climate change, the use of 
recycled grey water aims to enhance water security by recycling grey water from showers/bathtubs, wash 
basins, washing machines and kitchen sinks, etc. (but excluding discharge from toilet bowls) which could be 
collected, treated and redistributed for toilet flushing and other non-potable purposes. 
The Government has identified the opportunity for implementing a grey water recycling system at a district-
scale in a new development at the former Anderson Road Quarry (ARQ) site. The ARQ site is located at an 
altitude above +180mPD in the urban area of Kwun Tong, Kowloon East of Hong Kong and has been planned 
for residential, commercial and institutional developments with a target population of 30,000. As the ARQ 
site is located inland and at a relatively high altitude, the conventional approach of using either fresh water 
or seawater for toilet flushing would require significant amount of pumping energy which is undesirable from 
economic and environmental points of view. Besides, utilisation of grey water would reduce the sewage to 
be disposed of in the development, thus cutting down the capacity requirement of the relevant sewerage and 
sewage treatment facilities.  
The key components of this district-scale grey water recycling system include a dedicated grey water 
collection network for separate collection of grey water generated from the developments, a centralized grey 
water treatment plant with treatment capacity of 3,300 m3/day, and a service reservoir and distribution 
network of the treated grey water.  
The grey water treatment plant is designed to accept influent grey water at a wide range of water quality. Its 
main treatment process is based on membrane bioreactor (MBR) configuration to produce high quality 
treated effluent. Before being distributed to customers, the treated grey water will be added with a food-
grade biodegradable dye for making it visually distinguishable from potable water. Various green and 
sustainable design features of the grey water treatment plant will also be presented in this paper.  
Upon its target commissioning by 2023, the district-scale grey water recycling system will showcase and 
promote its multiple benefits, which include sparing precious fresh water resources, reducing sewage 
discharge, promoting localized water reuse and minimizing water conveyance energy and cost. Being the first 
district-based grey water recycling system in Hong Kong, the system is expected to set a precedent case for 
the water supply arrangement in future new development areas in Hong Kong.
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In the last years, alternative water resources such as desalinated water have become a solution for the natural 
water resources scarcity in the coastal Mediterranean areas. According to the recent Water Management 
Plans in the Spanish Mediterranean water bodies, the amount of desalinated water volume destined for water 
supply is becoming increasing in order to preserve groundwater and freshwater resources for the future. 
Hence, it is necessary to assess the potential risk associated with the water quality changes within the existing 
water supply networks. 
Historically, on exploitations where desalinated water has been introduced without remineralization post-
treatment, alterations have been observed both in the functioning of the network and in the quality of the 
water supplied. As well, corrosion problems and a higher incidence of breakdowns have been reported when 
the quality of the water suffers significant variations on exploitations where water of different origins 
(surface, ground, desalinated and mixed) is supplied, as in the case study of Roquetas de Mar. 
A deterministic methodology has been developed for estimating corrosion risk (R) assessment based on the 
same tenets used in hydrogeology and civil engineering: hazard (H), vulnerability (V) and exposure (E). So, the 
corrosion risk equation for drinking water networks would be: R= H*V*E, where “H” is defined by the external 
agent (pressure and water quality) to which the asset is exposed, “V” is the factor related to the properties of 
the water supply network (material, diameter and length of the pipe). “E” factor is defined by the population 
density in each of the sectors of the supply network (inhabitant/km2). In addition, different weights have 
been assigned according to the relevance of each variable. These weights have been determined based on 
the results of several surveys of experts in drinking water network. Finally, for a better visualization and 
interpretation of the results, the risk distribution has been represented by a cartographic map using QGIS. 
Risk calculation and visualization have been automatized by a developed Python script.  
Also, a laboratory test has been carried out to evaluate and detect the possible effects of desalinated water 
on the most common materials in the network.  
In conclusion, this risk estimation methodology fits well in the study case. A higher risk is expected in the short 
term due to a sudden mineralogical change of the water than in a long-term exposition to a water with a 
stable composition.  
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Freshwater use for cooling operation at thermoelectric power plants generates large quantities of wastewater 
from blowdown (BD) in the cooling system. Treatment of this BD water to remove scale-forming constituents 
and recover the water for reuse can reduce freshwater demand for power generation. Due to its 
complementary chemistry and often proximity in energy producing regions, produced water (PW) from 
natural gas production can potentially be introduced into BD water treatment to create chemical and energy 
synergisms for treating the waters. This study evaluated the feasibility of a pilot-scale co-treatment process 
for both waters to maximize recovery of water for reuse and useful materials (barite and concentrated brine) 
as saleable byproducts. The cotreatment process includes mixing of field-collected BD water and PW, 
chemical softening, activated carbon filtration, and reverse osmosis (RO) followed by thermal desalination. 
The study showed properly mixing ratio of the two waters (e.g., BD:PW = 10:1) resulted in >90% barium 
removal, and softening of the mixture water with sodium carbonate removed >95% of all scale-forming 
divalent ions.  Compared to treating BD and PW separately, the co-treatment process resulted in a ~50% 
chemical saving potential for softening. The RO treatment of the mixture water had an energy consumption 
0.05 kWh per liter of the RO permeate, and resulted in overall energy saving for producing 10-lb brine. A 
process simulation model was developed to evaluate the treatment train’s performance and economics at 
the plant-scale. Specialized electrolyte thermodynamic and custom water treatment models were employed 
and validated with experimental and literature results to justify process design decisions. Techno-economic 
analysis and sustainability assessment of the simulated process for improved water reuse, lower chemical and 
energy footprints, and generation of useful products were carried out. A multi-objective planning 
methodology was developed to evaluate the benefits of applying the co-treatment approach for managing 
BD water and PW in an energy producing region. The method uses geocoded data of power plants and gas 
production wells, water quantities and chemistries, chemical and energy footprints of treatment units in 
calculating the costs of transporting waters and treatment, and quantities of recovered useful products. 
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In previous studies, analytical and numerical investigations of transient behaviors in a pipeline with blockages 
in the time domain or frequency domain are commonly based on the one-dimensional (1D) water hammer 
equations due to their efficiency and convenience for implementation. However, the detailed behaviors and 
interactions of transient waves with such blockages cannot be well represented and interpreted from the 
current 1D models and methods. To this end, this paper investigates the transient behavior of a water supply 
pipeline with blockage under different wave perturbations for transient generations. The 2D Computational 
Fluid Dynamics (CFD) model is applied for this investigation. Specifically, a water pipeline is modeled in a 2D 
axisymmetric geometry with refined mesh and the blockage is modeled as a small, constricted section. Both 
the low and high-frequency waves (LFW and HFW), in terms of radial fundamental wave frequency of a 
pipeline, ~a/R, with a being acoustic wave speed and R being pipe radius, are injected for the numerical 
analysis. Based on this 2D CFD model, both the axial and radial transient waves can be obtained and analyzed 
have been observed for different frequency wave injections (LFW and HFW), which is firstly validated by 
datasets available from former studies. After validations, the local flow characteristics in the vicinity of 
blockage during transient wave processes, including before and after transient wavefront passing, are 
analyzed. Finally, the results and findings of this study are discussed for the underlying physics and mechanism 
of transient wave-blockage interactions and the development and application of transient-based blockage 
detection in pipelines.
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Drinking water facilities deal with strict quality control regulations that oftentimes rely on data coming from 
expensive real-time sensors. One of the parameters that should be controlled in drinking water is the total 
amount of Trihalomethanes (THMs). Within this context, facilities such as Water Treatment Plants (WTP) as 
well as Water Distribution Networks (WDN), need to keep total THMs levels of tap water below a legal 
threshold of 100µg/L. This fact pinpoints the necessity to develop cheaper and reliable solutions capable of 
monitor real-time quality drifting events, not only in transiting water within a plant, but also at larger network-
wise scales. To tackle these issues, we developed an accurate virtual THM sensor that quantifies with high 
accuracy, real-time THM levels at two different locations allowing us to validate the scalability of the solution. 
Locally, we developed this sensor at Barcelona’s Sant Joan Despí WTP, which treats 35% of all water in 
Barcelona’s metropolitan supply network (Petrovic et al., 2003). To address the problem from a network point 
of view, we applied the same reasoning at single location within the distribution network of Marbella, Spain. 
The algorithm powering the sensor is based on a simple neural network that predicts THM levels based on 
metrics from less costly sensors. This predictive power is reflected by low easy-to-interpret mean SMAPE 
(Symmetric Mean Absolute Percentage Error) values (Kreinovich et al., 2014), which in our k-fold performance 
pipeline yielded average scores lower than 10% across folds in the case of the WTP and well below 20% at the 
WDN sampling point. This latter fact is even more surprising considering a much lower sampling size of around 
80 timepoints compared with 1000 timepoints for the former (WTP) case. This scalable and reliable real-time 
solution remarks the importance of using virtual sensors in operational conditions as well as proper virtual 
sensing tuning.   
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This paper provides details of the physical mechanisms that lead to the so-called ‘velocity dip’ in partially-
filled pipe flows and reveals the interactions between the water surface and the turbulent flow underneath 
it. Therefore, large eddy simulations of a semi-filled pipe are performed. It is observed that a single pair of 
symmetric vortices about the vertical pipe bisector forms as a result of the wall-water surface junction 
turbulence anisotropy. At this wall-water surface junction, imbalance of the production, dissipation and 
transport of turbulent kinetic energy (TKE) leads to non-zero TKE convection, which drives the secondary flow. 
The distribution of the instantaneous velocity reveals the signatures of wall-bounded turbulent flows near 
the pipe wall such as large-scale motions and associated hairpin vortices which are convected towards the 
water surface. Free surface fluctuations are observed which are caused by these hairpin vortices reaching the 
water surface. 
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DINAPSIS, was born as a part of the global solution to face the main challenges to climate change ( severe 
water stress, more and more frequent storms, World population growth, water and energy demand, air 
pollution,… ). Spain is one of the EU countries most affected by climate change.  
 
DINAPSIS is a network of digital transformation hubs for the resilience, sustainability and environmental 
health of the territory, promoted by AGBAR. DINAPSIS is a word that comes from two other words: 'digital' 
and 'sinapsis' ( synapse in English ), which is the transfer of information between neurons.  
The DINAPSIS network deploys innovative digital solutions for the digital transformation of water 
management and environmental health in territories, promoting the development of smart, resilient and 
green cities. In addition, it is focused on co-creation and alliances to establish synergies, applying the acquired 
knowledge and collective creativity. The DINAPSIS hubs thus allow scaling and adapting digital solutions to 
the real needs of each territory, around the sustainable management of water, the environment and 
environmental health, facilitating an optimal management of resources. The DINAPSIS hubs aim to:  
 
• Manage, in real time, the services and assets related to the integral water cycle and environmental 
health, via the operational control centers;  
• Co-create and develop new solutions through collaboration with third parties (startups, universities, 
administrations, technology centers, companies, etc.), via innovation labs; 
• Establish direct contact between citizens and companies, via the showrooms, where all the avant-
garde initiatives and technologies developed together with the entrepreneurial ecosystem of the region are 
presented, with the aim of spreading the excellence of the city and the territory. In addition, they intend to 
sensitize citizens about the responsible management of water through games, augmented reality and other 
educational supports. 
  
EMASAGRA ( Empresa Municipal de Abastecimiento y Saneamiento de Granada ) has recently launched its 
DINAPSIS Hub, focused on Energy efficiency and decarbonization, being a clear commitment of the Company 
to position Granada and its metropolitan area as a reference in the fight against climate change. 
 
In December 2020, DINAPSIS was selected, in a new edition of the 101 Business Examples of #PorElClima 
Actions, as an outstanding business initiative for its commitment to climate change. The #PorElClima 
Community recognizes the commitment of Spanish companies, whose action is essential to achieve common 
objectives to face climate change, as recognized by the United Nations Sustainable Development Goals. 
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The present work aims at developing and simulating emergency water supply scenarios for Thessaloniki city 
in Greece, to respond to a major failure occurring in one of the city’s central aqueducts. The methodology 
developed includes: i) water demand estimation in the city’s tank zones, ii) hydraulic simulation of the city’s 
aqueducts under normal operating conditions and c) formulation of intermittent water supply schedules in 
the entire conurbation of Thessaloniki, considering a major failure occurring in Aravissos aqueduct (water 
supply from Aravissos springs and water supply boreholes). To estimate mean water demand in all tank zones 
of the city, both theoretical and measured data are considered. The theoretical estimation of water demand 
relies upon using population data, as well as on specific water consumption data of the different urban 
planning units. Final estimates of water demand in each tank zone are assessed by also considering available 
information from the existing Supervisory Control and Data Acquisition (SCADA) system of the Water Supply 
and Sewerage Company of Thessaloniki (EYATH S.A.). Hydraulic modeling of Thessaloniki’s aqueducts is 
performed using Bentley OpenFlows WaterGEMS software. The hydraulic model for normal operating 
conditions of the system is calibrated using available data from EYATH S.A.’s existing SCADA system, such as 
water level data in some of the system’s tanks, and reliable pressure and flow measurements downstream of 
a number of pumping stations. Calibration of the system’s hydraulic model is performed manually considering 
an extended period simulation (EPS) for an entire typical day. Three alternative emergency scenarios of water 
supply are then formulated relating with failure occurring in Aravissos aqueduct. These scenarios are formed 
to confront with: (a) a basic failure scenario at Aravissos aqueduct, cutting off water supply from Aravissos 
springs, (b) a scenario similar to (a), interrupting water supply of the industrial area of Thessaloniki after 
verifying the failure, and (c) a scenario similar to (a), activating an existing interconnection between the city’s 
aqueducts (aqueducts of Aravissos and Aliakmonas). Hydraulic simulations for all emergency scenarios verify 
that the main objectives set for managing such adverse conditions in the city of Thessaloniki are satisfactorily 
met. However, it becomes quite evident that it is not always possible to strictly comply with the designed 
intermittent water supply schedules. It should also be noted that considering an interconnection of the city’s 
aqueducts, significantly improves the system’s response to a major failure in the aqueduct of Aravissos. 
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The LIFE iBATHWATER is a real-scale demonstration project of a new integrated management system for the 
urban drainage system focused on bathing water quality. Its application is expected to reduce combined 
sewer overflow (CSO), reduce pollution and environmental impact in the receiving water bodies and minimise 
the sanitary risks of bathing areas during and after episodes of intense rainfall. Several technological assets 
are installed and validated in Barcelona (coastal waters) and Berlin (river water), where the pilot tests are 
being carried out. To accomplish these challenges, the solution comprises the development of an open 
platform capable of combining operational online information to forecast bathing water quality. Also, in the 
field, an innovative online microbial analysis to monitor bathing water quality indicators during rain events is 
tested. In Barcelona, sewer management strategies has been focused on reduce the CSO and also two 
numerical models running in real time have been implemented to estimate the evolution on bacteria (E.coli 
and Enterococci) during and after short-term pollution episodes at bathing waters. The first model computes 
the combined sewer overflow (CSO) volume spilled from the sewer system to the beaches, and the second 
one simulates the maritime conditions and the bacterial decay into the sea. Model results are compared with 
the real measurements, bacteria concentration, to calibrate and validate the system.
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In this work the collision of two opposing, horizontal gravity currents is examined numerically using Large 
Eddy Simulation (LES). Gravity current collision is important in many physical conditions and especially in 
atmospheric flows such as sea breezes, thunderstorm outflows, katabatic flows, etc. The classical lock-
exchange configuration is considered using a partial depth setup which is believed to be a better 
approximation of the collision in deep environment of atmosphere. The focus is on the examination of 
symmetric collision (currents with same densities and heights). Maximum height and vertical velocity of the 
ascending front, which are the main parameters of collision in nature, are investigated. In addition, the energy 
balance is calculated, and mixing is evaluated using methods previously applied in gravity current propagation 
(Ottolenghi et al., 2016). The simulations are performed using the open source OpenFOAM package. The 
model solves the filtered Navier-Stokes equations along with a transport equation for concentration assuming 
Boussinesq approximation for density. A dynamic Smagorinsky SGS model is used for turbulence closure. The 
model is validated using available experimental and DNS data (Frantz et al., 2021) for the case of full depth 
lock-exchange gravity current. Numerical simulations of collision are performed for a wide range of Grashof 
numbers (10⁶-10¹²) which are beyond the range achieved in laboratory experiments. It is found that the 
dimensionless maximum height h/D (D= lock height) is slightly reduced with Gr number ranging from 1.57 for 
Gr=10⁶ to 1.36 for Gr=10¹². The same trend appears for the dimensionless maximum ascending front velocity 
Vf/Uf (Uf= front velocity before collision) which varies from 2.23 to 1.66. 
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One component of modern urban design - including in the context of smart cities - is management of surface 
waters. Blue-green infrastructures are intended to help adapt to climate impacts (urban climate, extreme 
precipitation events, droughts). However, in the context of integrated planning in water management, uniting 
ecological and economic aspects often poses problems for local actors in decision-making. This includes the 
definition of measures and the development of long-term strategies. Small-scale information could be used 
to improve the understanding of water bodies, their dynamics, and their interaction with the environment. 
In order to be able to capture these relationships, high-resolution data is needed. One enabler of new 
knowledge generation can be IoT-supported system-state monitoring based on multiple data sources. 
 
This can be implemented using low-cost battery-powered sensors and integration in LoRaWAN. These 
represent an autarchic system without the need for external infrastructures. For example, no external power 
supply or existing cable network is required on-site for data transmission. Initial experience has shown that 
such sensor nodes, no larger nor heavier than a lunchbox, can be deployed easily and flexibly. Each 
transmission is made with small (few bytes), end-to-end encrypted data on broadband frequencies and can 
thus bridge large distances of up to several kilometers. Depending on the use case, battery capacity and 
transmission frequency the sensors can be operated maintenance-free for more than a year. Accordingly, 
these technologies are attractive for use in operations. The low procurement costs of the technology also 
allow cost-effective replacement when needed. All in all, this enables a new form of environmental 
monitoring by setting up an adaptable and high-resolution measurement network for monitoring water 
bodies.  
 
In a pilot phase, several ultrasonic sensors were installed at selected catchments in Germany. All data is 
transmitted via LoRaWAN to The Things Network (TTN). TTN’s application server exposes an MQTT server 
that allows logging the data to an Influx database using the open-source server agent Telegraf. All data is then 
tested regarding their reliability and data quality based on reference measuring points provided by a local 
waterboard. Furthermore, different frequencies and sample sizes are used to draw conclusions concerning 
optimal operation of the sensors for the mapping of events. 
  
Low-cost sensors are not an equivalent replacement for existing high-precision measurements. Their role and 
the possible applications of a secondary environmental monitoring layer in the management of surface waters 
thus still needs to be assessed. This study reflects on pathways and limitations of a high-spatial-resolution 
environmental monitoring layer. This is done considering decision making processes and the existing, 
traditional environmental monitoring of surface waters.
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A suitable strategy for pressure sensor placement in water distribution systems allows water managers and 
engineers for better monitoring and controlling of the infrastructure. Sensor placement problem is often 
addressed by optimization techniques able to deal with its combinatorial nature. This paper focuses on such 
a question from the innovative framework of graph signal processing. For the sake of reproducibility, the case-
study chosen is the well-known benchmarking water distribution system of Modena (Italy). A directed, flow-
weighted graph is obtained from an abstraction of the Modena hydraulic model from which graph signal 
processing provides a minimum number of sensors for a minimum (given) information loss. Particularly, a 
graph signal tool such as random node sampler, is applied to identify the set of nodes that better represents 
the network structure and flow information. The results show the benefits of graph signal processing for the 
pressure sensor placement strategy in terms of sensitivity parameter, entropy information and coverage rate 
in case of leakage.



Theme 3 

Environmental hydraulics and 
urban water cycle 
 
 

AN ELECTRICAL IMPEDANCE SPECTROSCOPY BASED SENSOR FOR 
SEDIMENT HYDRAULIC PERMEABILITY ESTIMATION 

Ms. Shiyao Wang1, Dr Andy Nichols1, Dr. Jonathan Davidson2 

1Department of Civil and structural Engineering, University Of Sheffield, Sheffield, United Kingdom, 2Department of 
Electronic and Electrical Engineering, University of Sheffield, Sheffield, United Kingdom 

Theme 3: Environmental hydraulics and urban water cycle (6), Andalucía II, junio 21, 2022, 17:00 - 18:30 

Sedimentation in urban drainage systems can lead to a reduction in flow capacity and potentially to surcharge 
and overflow, but our ability to monitor sedimentation is limited. Several previous studies have addressed 
the measurement of sediment from different perspectives and using various principles. However, these 
existing measurement systems usually include several component devices, which means high cost and energy 
consumption and complicated manual operation during measurement. In this study, a new sediment sensor 
based on electrical impedance spectroscopy (EIS) has been explored as a method for characterising sediments 
in sewers. The hydraulic permeability, which is one of the core properties of sediment, was investigated in 
this study, and the relationship between hydraulic permeability (σ) and electrical conductance (G) of 
saturated sediments has been explored under laboratory conditions. The investigated sediment samples 
include six sizes of glass spheres (5 mm, 3 mm, 2 mm, 0.6-1.5 mm, 0.5 mm and 0.1-0.43 mm) and five different 
types of sand mixture (from 5 mm to 1 mm). The sediment sensor was fabricated on a flexible PCB with four 
electrodes, providing a versatile form factor for installation inside pipe systems. The frequency dependent 
electrical conductance was measured between each possible pair of electrodes using EIS and equivalent 
circuit simulations with a frequency range from 1 Hz to 9 MHz. Hydraulic permeability of samples was 
measured using a constant head permeability test based on Darcy’s Law. The results demonstrate a power 
law form (G=aσ^b-c) relationship between the measured electrical conductance and the hydraulic 
permeability, which is consistent with the well-known Archie’s Law and Kozeny-Carman equation. The 
dependence of parameters a,b, and c on the granular media type was examined. The porosity and grain size 
distribution were found to have significant influence on the measured impedance spectrum. Moreover, the 
relationship between the electrode spacing and measured electrical conductance was characterised from the 
experiments. These data enable an empirical model to estimate the depth and physical characteristics of 
porous media based on the measured impedance spectrum. This sediment sensor is simple to manufacture, 
easy to use, and feasible to be developed for characterisation of other porous media.
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Potable water at high hardness concentration causes recurrent piping obstruction due to calcium 
precipitation. Water pinch methodology has been used to reduce contaminants concentrations for water 
networks designs by minimizing the use of an external source with low or cero contaminant concentration. 
For the present work, this methodology was used to decrease the calcium concentration in the water network 
design with the aim to reduce its precipitation. Water pinch methodology and nearest neighbour algorithm 
were used to determine the minimum flowrate external source and to construct the water network, 
respectively. A flowrate of an external source of 134.7 t/h can reduce the Ca concentration for three sources 
from 30.0, 38.1, 43.0, and 48.1 mg/L Ca(II) to three demands requirements of 20, 25, and 35 mg/L and residual 
water with 47.6 mg/L Ca(II). This methodology could achieve an efficient water distribution system design to 
avoid or reduce the Ca precipitation in water piping distribution.
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A reliable short-term forecasting model is fundamental to manage a water distribution system properly. In 
the latest years, a plethora of methods have been proposed by the scientific community, ranging from classic 
naive methods to the more sophisticated statistical and machine learning models. Among several methods, 
neural networks gained particular attention, especially with the rise of the deep learning approach. 
Nonetheless, the forecasting of urban water demand is nowadays a demanding challenge for the scientific 
community, being still a florid research topic year after year. This study addresses the problem of developing 
a reliable model for short-term forecasting of water consumption of alpine water supply systems. These 
aqueducts have typically high pressures due to the mountain environment that causes significant differences 
in the elevations along the distribution network. For this reason, water consumption is affected not only by 
the users demands but also by a significant component of background leakages and bursts. This study analyzes 
the potential of recurrent neural network algorithms to establish a reliable and robust forecasting model for 
these type of consumption. In particular, it is proposed to assess the influence of using different sets of inputs 
for the model, analyzing many combinations of past observation, calendar variables and also meteorological 
variables. The results show that the deep learning model based on the recurrent neural network can provide 
an effective solution to forecast the consumption of mountain aqueducts. Additionally, it is highlighted the 
crucial role of including the correct past observation in the input for the model.



Theme 3 

Environmental hydraulics and 
urban water cycle 
 
 

Reinforcement Learning for Real Time Control in Drinking Water Networks 

David Modesto1, Fernando Cucchietti1, Dr. Victor Saenger2, Bernat Joseph-Duran2, Jordi Meseguer2, Rafael 
Giménez2, Gabriela Cembrano2, Daniel Cardelús3, Catalina Balseiro4 

1Barcelona Supercomputing Center (BSC), Barcelona, Spain, 2Cetaqua Barcelona, Barcelona, Spain, 3Agbar Innovación, 
Barcelona, Spain, 4Aigües de Barcelona, Barcelona, Spain 

Theme 3: Environmental hydraulics and urban water cycle (6), Andalucía II, junio 21, 2022, 17:00 - 18:30 

Pressure control in water supply is one of the most important challenges in real-time operation of drinking 
water networks (DWNs). Excessive pressure at network nodes (i.e., during lower demand periods) leads to an 
increase of water losses and may also worsen the condition of pipes increasing the frequency of pipe bursts 
and new leaks. Real-time determination of appropriate set-points for pressure reducing valves (PRVs) allows 
to reduce DWN pressure profile and consequently, water losses and other negative impacts of high pressures 
while ensuring a proper water supply service quality. In the present work a Reinforcement Learning (RL) 
approach is proposed for real-time pressure control of existing PRVs in the DWN. The goal of the RL agents is 
to keep pressures at all consumption nodes as low as possible within prescribed limits by means of controlling 
pressure set-points of existing PRVs. Both training and validation take place against an EPANET model of the 
considered DWN. The resulting controller has shown to provide an improvement with respect to the current 
scheduled approach in keeping the pressures at the consumption nodes as low as possible within the desired 
limits. Moreover, the controller design strategy has shown to be easily replicable to multiple DWNs. The 
proposed methodology has been validated in different Agbar water utilities: 8 DMAs operated by Aigües de 
Barcelona and one DWN operated by Hidralia.
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Chemical accidents in water can occur due to natural and man-made causes, and when such chemical 
accidents occur, it can cause changes in the aquatic environment and adversely affect the ecosystem or 
humans, so a prompt initial response is required. Various types of chemical spill accidents occur frequently 
around the world. When a chemical accident occurs, laboratory-based analysis is carried out, but this analysis 
has limitations in initial response. For the initial response, an index that is easy to measure in the field should 
be used, and information on the leaked chemical should be obtained using this index. In addition, if machine 
learning techniques are applied to the measured data, it will be helpful in the initial response in the event of 
a chemical accident. In this study, 26 chemical substances were used, and pH and EC according to 
concentration changes were established as a database. The database was represented by the pH-EC relation 
curve, and chemicals were classified into groups based on the spatial distribution and trend of the data. Based 
on the established database, the best performing machine learning method is selected by applying the 
machine learning methods such as Decision Tree, Random Forest, Gradient Boosting, and XG Boosting to 
evaluate the performance of each algorithm. If the machine learning technique selected based on the results 
of this study is used, information on the harmful chemicals leaked in the case of a chemical accident in the 
perfume water environment can be provided, and it is judged that it can be used as basic data for a prompt 
response.
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Sediment accumulation in urban drainage systems (UDS) is a serious problem, which requires costly 
maintenance and cleaning programmes. These tasks are often linked to previous experience, but there is no 
control strategy, nor a complete knowledge of the sediment transport processes in UDS. Attempts so far to 
monitor these processes have been based on techniques that require exhaustive work in their installation or 
in taking punctual field measurements, such as acoustic devices (based on sonar sensors). Therefore, 
sediment monitoring in UDS remains challenging. Interestingly, recent work in rivers investigated streambed 
sediment transport with temperature measurements, based on considerations on heat transfer and ground-
water flows.  
 
In this work, we present a new approach which uses high-resolution temperature data to identify sediments 
from changes in temperature dynamics between the water (wastewater or drainage water in UDS) and the 
sediment bed deposits. Since the heat transfer between both media can be predictably affected by the 
sediment thickness, we suggest a heat transfer model that relates the temperatures in the fluid and in the 
sediment layer to its thickness. A series of batch tests were carried out in isothermal boxes with different 
thicknesses (range: 2-8 cm) of real sewer sediment. The sediments were previously saturated and poured into 
their respective boxes, in which two PT100 temperature sensors were installed: one at the bottom of the 
boxes, and the other slightly above the sediment surface. This second temperature sensor was submerged in 
a freshwater layer of 2 cm above the sediment surface. Next to the sensor immersed into the water, a coil 
system was installed to heat-cool the water and thus simulate temperature oscillations in UDS.  
 
Batch tests consisted of a first phase of heating the fluid, followed by a subsequent cooling phase. The fluid 
temperature oscillations were set in the range of 2-3°C. As a result, the temperatures measured at the bottom 
of the sediment layers showed different responses depending on the sediment thickness. These tests were 
used to calibrate a 1D heat transfer model, whose variables were the temperature in the sediment layer and 
boundaries, its thickness, and its thermal properties. In a first approach, the thermal properties of the 
sediment were approximated with literature values for non-uniform sands and clays. Our positive results 
demonstrate the potential to monitoring sediment accumulation in UDS with passive temperature sensors. 
Further extensions to distributed temperature monitoring with fibre-optical sensors and active heating are 
currently being investigated.
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During and shortly after a flooding, traditional flood data sources such as remote sensing data are scarce and 
not readily available. As the amount of volunteered geographic information created by social media grows, it 
is a valuable and rapidly available information source to inform flood response and recovery. Based on the 
popular platform, Weibo (static data) and Tiktok (dynamic data), this paper examines the spatio-temporal 
patterns of public responses towards urban flooding in Chengdu city during August 17-25, 2020. Temporal 
evolution of social media activities is investigated to track the flood process and further compared with 
observed precipitation data. Moreover, major flood impacts were assessed through frequency analysis of 
impact-related keywords. Finally, spatial information is extracted and the typical hotspots are selected for 
detailed analysis. This study can demonstrate the value of social media data for flood assessment and rapid 
damage estimation information from social media data could help decision makers in resource allocation and 
management under emergencies. 
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Water scarcity and sustainability considerations has brought many countries to seek methods for reducing 
losses in their water supply and distribution systems. In cities, most of the water utilities are indeed 
addressing the performance of water distribution systems by implementing technologies for leakage 
detection and reparation. In Casablanca city, Morocco, most of water losses are due to aging pipelines and 
pressure disturbances.  In 2020, the city water distribution system has reached an average yield of 77%, over 
a 4000 km length of pipes, saving 10 millions m3 of fresh water. However, the increasing urban water demand 
and limitation of water availability have urged the water utility to fix an objective of 85% for the city water 
distribution system yield in the best delays. In order to reach this target, the water utility has installed 2000 
operational devices of fixed leakage pre-locators. The objective is to continuously monitor the 629 km linear 
of degraded gray cast iron pipes and to reduce the flow times of leaks in the event of degradation. In this 
work a new technology for leakage detection of water distribution system will be presented and tested on a 
pilot study in a high population density district of Casablanca. The technology goes beyond the effective 
detection of leaks in networks by providing continuous assessment of the condition of pipelines and data-
based decision support to keep the network faultless. The project consists of installing 19 acoustic sensors as 
a fixed solution and a single mobile solution. Theses sensors achieve automatic noise correlation between 2 
a.m. and 4 a.m. with a possibility of hydrophone correlation, communicating via 5G/4G GSM cellular networks 
with 8 years of battery operation. The system is powered by state-of-the-art Artificial Intelligence algorithms 
and integrates Big Data analytics. The data are gathered and treated by AQUADVANCED expert control system 
that allows to have a global view of the water system and ensures integrated management based on: 1) the 
recovery and geographic visualization of data from the various sensors from the network (flowmeters, pre-
locators of leaks, pressure sensors, remote read meters) and 2) an automated analysis through indicators, 
histogram curves and warnings using different calculation models. The results of this smart water solution 
combining the installation of new acoustic sensors in the test pilot site with the expert control system will be 
compared with the previous water detection system in the same area to demonstrate its efficiency in 
improving water distribution system performances.  
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The eastern montane region of Manipur, India, which shares a long stretch of boundary with Myanmar, is 
abundant in biodiversity and an unperturbed hydrological regime. Maklang–Tuyungbi–Taret lok river system 
encompassing a catchment area of nearly 2278.8 sq km in a sub-tropical climatic region, can be ascribed as a 
hydrologically and climatologically undiscovered river system in Manipur Indian Himalayan Region (IHR) 
mainly due to its remote location, demography and outflow to the Chindwin river in Myanmar. The catchment 
comes under the Shokvao–Mapithel–Kasom hill ranges in Ukhrul and Kamjong districts of Manipur state, 
India. The region is rippled with mid-range hills (913 m to 3114 m in elevation) and striped by an array of 
rivers. The catchment is characterized by a diversified sub-tropical monsoon type of climate with an annual 
average rainfall of 1,763.7 mm. The Taret lok (literally meaning Seven rivers) and Tuyungbi rivers (located at 
24°39ʹ37″ N nd 94°26ʹ34″ E, comprises a multi-component river catchment system. Tuyungbi River originates 
from Shanshak, Shokvao, Ramva and Leishi situated on the southern part of Ukhrul District, Manipur IHR. 
Tuyungbi River is located at latitude of 24°39’37’’N and longitude of 94°26’34’’E. Maklang river, originating 
from Shirui hill ranges in Ukhrul district of Manipur, is one of the major rivers in the system. 
Adaptive hydrological model analysis in SWAT and TOPMODEL platforms using rainfall and weather data of 
the most proximate stations i.e. Ukhrul and Tegnoupal (2012 to 2020), were recursively performed to initially 
estimate the hydrological variables of this ungauged river system. The objective of the study is to correlate 
the hydrological attributes to the climate dynamics that has altered the river eco-hydrologic system, and find 
rational solutions for its resilience to climatic and anthropogenic factors. Field hydrographic observations 
were carried out in selected reaches of the Maklang–Tuyungbi–Taret lok river system, wherein flow discharge 
were found to range widely from 6.56 to 28.18 m³/s, with a mean sediment discharge of 12.71 kg/day.  On 
the other hand, the spatially distributed hydrological models: SWAT yielded an annual average runoff of 56.4 
mm while TOPMODEL estimated an annual runoff of 64.8 mm for the simulation period 2012 to 2020 daily 
scale. Both the models however gave almost parallel maximum runoff prevailing in the month of October, to 
an average high of about 147.6 mm. Sensitivity analysis in adaptation of the parameters were conducted to 
derive a range of environmental flows in the range of 12.6 to 18.8 m³/s incorporating the physio–ecological 
characteristics of the river system. Viable stream restoration measures to sustain the minimum 
environmental flows, such as rock chutes, block ramps, etc at selected reaches were suggested as an outcome 
of the study.  
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This project of construction of the new sewage plant named EDAR AGLOMERACIÓN URBANA DE 
GUADALHORCE means the solution of water waste treatment in the north-Málaga urban area and the towns 
Alhaurin el Grande, Cártama and Estación de Cártama. Also it is the reaction to the necessity of establishing 
a system interconnected as a whole with the Sewage Plant Guadalhorce Sur. This interconnection between 
both sewage plants allow them working as if they were a sole plant. 
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The need to treat the wastewater arises due to the importance of preserving the water because it is an 
indispensable resource for life. Conventional wastewater treatment plants are efficient for large cities. The 
small municipalities have a different point of view, these systems are not economically viable, but they also 
need wastewater treatment. 
 In order to improve research into wastewater treatment in small towns, this study focuses on non-
conventional systems. These non-conventional systems meet the objectives of the European Directive on 
wastewater treatment with low energy consumption, and with a more affordable cost in operation and 
maintenance. 
 This study project deals with non-conventional treatment systems, artificial wetlands type, in which 
the water, after a pre-treatment phase, is driven to channels containing specific aquatic plants. 
 Two types of artificial wetlands (subsurface flow and floating macrophytes) have been built at the 
WWTP of La Almunia de Doña Godina to test these systems. The two lines are fed with a flow corresponding 
to a typical population of 50 inhabitants. In this way, we have studied both its functioning as a treatment 
system and the performance of the vegetation used. This is a study of a full-scale wastewater treatment 
system.  
 The system consists of six ponds, each line formed by three ponds with the same type of treatment 
but a different type of vegetation. With the layout of the channels and the set of pipes that make up the 
system, we can redirect the water flow to any of the three ponds of the line to find out how the vegetation 
in the pond reacts, and at the same time to find out the type of system that is most appropriate for each type 
of vegetation.  
 After this period of research and analysis (from January 2018 to the present) and in broad terms, we 
can conclude the following: 
 1.- We are faced with a very variable typology of wastewater in the project in the project live. This 
leads us to a rethinking of the surfaces assigned by equivalent inhabitants of the classic manuals used in the 
design of the facilities. 
 2.- The support elements used, the one that performs best is four-centimeter polystyrene foam. 
Extruded polystyrene is not recommended due to its low oxygen permeability. 
 3.- The best-adapted plant and the one with the largest leaf surface area in these treatment systems 
is the Typha sp., followed by the Pragmites australis. 
 4.- The subsurface treatment system performs better (reduces more pollution parameters) in the 
winter months, with the flotation treatment performing best in the summer months. 
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The positive environmental impacts obtained through the use of submerged outfall discharges of dense 
effluents have recently gained considerable attention by both regulatory bodies and research groups. Since 
the receiving water bodies are rarely stationary, investigating the buoyant outfall discharge performance 
while issuing into cross-flow, which has been known as the buoyant jet in cross-flow (JICF), is of significant 
importance. Therefore, there is a need for a deeper understanding and more accurate design guidelines for 
this type of outfall. Herein, a numerical study is presented by using the computational codes developed with 
OpenFOAM which is based on the finite volume technique. The accuracy of the model is verified by the 
comparison of the simulation results and experimental data obtained from the literature. Moreover, the jet 
trajectory and dilution behavior of dense jets are numerically investigated with employing different Reynolds-
averaged Navier-Stokes (RANS) modeling approaches. Based on the findings of this study, the presented 
realizable k-ε model compared to other models shows quite well potential to simulate the flow behavior and 
dilution performance of densely buoyant JICFs.
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Mediterranean region is one of the most vulnerable area in the world to the effects of climate change. Among 
the main affected natural values will be the riparian forests. 
Mediterranean alder riparian forests, or residual alluvial forests, priority habitat 91E0* and subtype 91E0pt1 
in Portugal, are essential forests for the stability of rivers dominated by Alnus glutinosa. They develop on river 
banks, on siliceous and calcareous much washed substrates, in middle and high reaches of basins 
The hydrological modelling, the use of GIS and the climate change adaptation studies proposed in the LIFE 
Alnus Taejo project, as well as the field characterisation of the alder groves, are the basis for the 
multidisciplinary work on which the definition of the different stretches with respect to their potential target 
image is built.
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In recent years, invasive submerged macrophytes have overwhelmingly colonized some midstream reaches 
of Japanese rivers. This study was designed to determine how submerged macrophytes have been able to 
colonize these areas, to assess the environmental conditions that limit or even prevent colonization, and to 
develop a prediction model. Under experimental conditions, invasive species (Egeria densa and Elodea 
nuttallii), and Japanese native species (Myriophyllum spicatum, Ceratophyllum demersum, and Potamogeton 
crispus) were kept in experimental tanks and a flume with different environmental conditions.  In addition, 
plants were sampled in rivers across Japan, and environmental conditions were measured. Tissue hydrogen 
peroxide (H₂O₂) concentrations of sampled plant samples were measured responding to either individual or 
multiple environmental factors of light intensity, water temperature, and water flow velocity/turbulence. 
Then, the followings were resulted:  
1) The H₂O₂ concentration increased in parallel to the increment of unpreferable levels of each abiotic factor, 
and the trend was independent of other factors. 2) The total H₂O₂ concentration is provided by the sum of 
contribution of each stress. 3) Under increased total H₂O₂ concentration, plants first started to decrease in 
chlorophyll concentration, then reduce their growth rate, and subsequently reduce their biomass. 4) The H₂O₂ 
concentration threshold, beyond which degradation is initiated, was  between 15 and 20 μmol/gFW 
regardless of the environmental factors. These results highlight the potential efficacy of total H₂O₂ 
concentration as a proxy for the overall environmental condition.  
In Japanese rivers, major environmental factors limiting macrophyte colonization were identified as water 
temperature, high solar radiation, and flow velocity/turbulence.  
The relationship between the unpreferable levels of these factors and H₂O₂ concentration was empirically 
obtained for these species. Then a mathematical model was developed to predict the colonization area of 
these species as a function of environmental conditions.  
The tissue H₂O₂ concentration decreases with increasing temperature for E. densa and increases for other 
species, including native species. Therefore, native species grow intensively in spring; however, they often 
deteriorate in summer. For E. densa, on the other hand, H₂O₂ concentration decreases with high water 
temperature in summer, allowing intensive growth. High solar radiation increases the H₂O₂ concentration, 
deteriorating the plant in surface. Although the H₂O₂ concentration of E. densa increases with low water 
temperature in winter, it can survive in deep water with low H₂O₂ concentration due to low solar radiation. 
Currently, river rehabilitation has created a deep zone in the channel, which supports the growth and 
spreading of invasive E. densa.
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Human influence has warmed the atmosphere. This temperature variation causes an increase in water bodies 
temperature, which will reduce the available habitat of cold-water fish species such as Salmonids. The 
potential habitat of this species will be reduced due to a displacement of the thermal barrier, which is defined 
as the maximum temperature fish species can tolerate.  
This work carries out a risk assessment of the climate change impact on Salmo Trutta potential habitat in Júcar 
River Basin District (JRBD). RCP 4.5 and RCP 8.5 emission scenarios have been used for the short term (2011 - 
2040), medium term (2041 - 2070) and long term (2071 - 2100). This impact has been studied in two water 
bodies located in the Mijares and the Turia rivers. Mijares has been classified as Very High Risk whereas Turia 
has been classified as High Risk. The riparian vegetation state plays a relevant role in the resilience of water 
bodies. Climate change adaptation measures are focused on reduce vulnerability and improve resilience. For 
this impact, restoration of riverbank vegetation is established as the main adaptation measure and will be 
applied firstly in very high risk water bodies. 
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The Tagus River Basin Authority launched more than 25 years ago an automatic water quality information 
system in water bodies named SAICA Network. Since then, the SAICA Network has been improving and 
expanding through technologies and communications. The incorporation of quality control of waste water 
discharges into the SAICA Network has been one of the advances in the system. The holders of the waste 
water discharge permits install their continuous measurement systems and transmit in real-time the quality 
of the treated waste water data for its integration into the SAICA. The SAICA Network has proven to be a very 
useful tool in controlling compliance with the emission values established in the discharge permits, in the 
early detection of incidents and in the ability to relate pollution episodes observed at the SAICA stations 
located in surface water bodies which have waste water discharges located upstream.
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Water disinfection in treatment plants heavily relies on the use of chemicals to prevent microbiota from 
entering the water supply system. An unintended consequence of using chemicals is the creation of 
disinfection by-products that contaminate drinking water and surface-waters, impacting water ecosystems 
and increasing the risk of chronic illnesses for humans and animals alike. For this reason, water utilities aim 
to reduce the use of chemicals to simultaneously meet water disinfection targets and prevent water toxicity 
due to by-products by employing combinations of techniques and/or by switching to more environmentally 
friendly techniques (e.g. UV). Stemming from recent promising results of hydrodynamic cavitation as low-cost 
alternative disinfection technique, with this work we aim to assess the effects of hydrodynamic stresses 
associated with different flow regimes on the inactivation of Gram-negative bacteria Escherichia coli. 
We present results from two sets of experiments: (i) in laminar flows within a rotational rheometer to identify 
a critical level of shear stress over which bacteria are inactivated; and (ii) in turbulent flows in a pilot plant to 
assess the disinfection efficiency of chlorination combined with a strong turbulent regime. The results of 
experiments in laminar flows show that E. coli remain viable at steady shear stresses up to 4240 Pa applied 
for many minutes, contrary to previous findings. Experiments in the pilot plant indicate that the presence of 
a strong turbulent regime during chlorination magnifies both the bacterial removal efficiency and the 
bacterial removal rate of sodium hypochlorite. Moreover, bacteria that are exposed to a turbulent flow prior 
to chlorination display a higher inactivation, with removal efficiency up to 100% at concentration of sodium 
hypochlorite of 0.05 mg/l (which is 75% lower than the standard concentration used in water treatment 
plants), suggesting that bacteria may have a ‘plastic’ response to the flow conditions they are exposed to.  
By interpreting our results in light of previous works with E. coli in ‘simple’ flows, the existing knowledge on 
modelling cell dynamics, and the mechanisms of bacterial inactivation by chemicals, we conclude that 
turbulence has a critical role in bacteria inactivation. In more detail, we provide evidence that high levels of 
hydrodynamic stresses are not sufficient to cause E. coli but turbulence makes bacteria more sensitive to the 
effects of sodium hypochlorite likely because of sublethal damages caused by strong variations in 
hydrodynamic stresses. Hence, combining chlorination (or other chemical treatments) with a controlled 
turbulent regime can greatly improve the disinfection efficiency by reducing the concentration of chemicals 
and contact time required for disinfection. 
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Diclofenac and ibuprofen widely used anti-inflammatory pharmaceuticals, as well as erythromycin, a common 
antibiotic, belong to the group of emerging pollutant compounds. These are pharmaceuticals frequently 
detected in the influents of wastewater treatment plants (WWTPs). This research aims to evaluate the effect 
of these compounds, both individually and together, on the heterotrophic biomass present in a membrane 
bioreactor. Three different doping was carried out on sludge collected from membrane biorreactor (MBR) 
pilot plant located at the Los Vados de Granada WWTP, which operates with real urban wastewater. Once 
the plant was doped with pharmaceuticals commented, respirometric tests were carried out to determine 
the effect of the pharmaceuticals and the kinetic behaviour of the heterotrophic biomass. The criteria used 
for the doping of the sludge were decided for erythromycin and diclofenac based on the value of their 
solubility in water. In the case of ibuprofen, given its high solubility in water, the criterion of using water to 
establish the different doping values was the highest values found in wastewater in different areas of the 
world. Based on these datas, three doping tests were carried out, the first at a concentration 2,5 times lower 
than the value selected (Diclofenac 0,94800 mg/L; Erythromycin 0,57600 mg/L; Ibuprofen 0,05597 mg/L; 
Mixture: doping 1 of the 3 compounds; µm achieved was 0.0065, 0.0044, 0.0039 and 0.0176 respectively for 
the different experiments), the second doping test was taken as the value selected (Diclofenac 2,37000 mg/L; 
Erythromycin 1,44000 mg/L; Ibuprofen 0,13993 mg/L; Mixture: doping 2 of the 3 compounds; µm achieved 
was 0.0031, 0.0049, 0.0162 and 0.0069 respectively for the different experiments), and the third doping test 
was carried out at a concentration four times higher than the value selected (Diclofenac 9,4800 mg/L; 
Erythromycin 5,7600 mg/L; Ibuprofen 0,5597 mg/L; Mixture: doping 3 of the 3 compounds; µm achieved was 
0.0043, 0.0033, 0.0176 and undetected respectively for the different experiments). The study was carried out 
in the steady state conditions of the membrane bioreactor pilot plant for working at 4.000 ± 597.81 mg/L 
MLSS and 6 hours of hydraulic retention time. The tests are carried out in batches. Once the results of the 
respirometric tests were obtained both in the presence and absence of pharmaceutical compounds, they 
were compared with each other. Tests seem to indicate that as pharmaceuticals concentration increases, 
heterotrophic activity decreases until inactivation occurs.  
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The current growing concern about the presence and fate of micropollutants in the water bodies is promoting 
a huge increase in the research investment of new technologies (beside the mostly used ones such as 
ozonation and Activated Carbon Filtration) for their removal in Wastewater Treatment Plants (WWTPs) before 
discharge. In this context the strategic project CoMinGreat (EU-Interreg-GR) arises trying to bring together 
the know-how from different water management entities of the Greater Region (Luxembourg, Germany, 
Belgium and France) to find a technologically and economically viable solution to set national discharge 
standards in line with the European regulations.  
 
Until now, alternative technologies such as Advanced Oxidation Processes (AOPs) or natural-based 
technologies are only realized in lab- or early pilot-scale. For this reason, among the targets of the CoMinGreat 
project it is the implementation of a Demonstration-Center at the WWTP of Bliesen (Germany) (13 000 PE) to 
test the feasibility of AOP and natural-based technologies in comparison with the classical ones.  
 
One of the installed treatment lines consists of a Constructed Wetland (CW) of 1 m3 volume with two layers 
of gravel as drainage and filled with activated biocoal (15%) + sand (85%) mixed homogenously. The unit is 
planted at a density of 25 plants steams with common macrophytes Phragmites australis and Iris 
pseudacorusm distributed alternately. It will be irrigated 3 times per day during 30 min with clarifier effluent 
(intermittent mode). The maximum Hydraulic Loading Rate (HLR) will be 400 L day-1 m-2.  
 
The second line is a combination of photo-Fenton at neutral pH and CW. The photo-Fenton pilot consists of 
three 150W medium pressure lamps installed in cascade working in continuous mode feed directly with 
clarifier effluent. After that, a transition tank is installed to store the water pretreated by photo-Fenton for 
the ulterior watering of two CWs operated alternatively. Briefly, CW1 is irrigated 3 times for 24h while CW2 
is not irrigated (rest mode). The following 24h CW2 is irrigated 3 times and CW1 is not irrigated. The maximum 
volume treated is 800 L day-1 meaning 400 L day-1 m-2 of HLR. Both lines are fully automatized and are 
remotely monitored. 
 
The comparison between the two lines allows to determine whether the combination of photo-Fenton and 
CW could increase the removal of highly-recalcitrant compounds while the energy needed to reach the 80% 
of micropollutant removal is reduced and CW lifetime ideally increased.  Furthermore, the two types of 
irrigation (intermittent versus alternating operation mode) will be also evaluated. 
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Outcomes of project will provide information about the applicability of investigated technologies as 
alternatives to the classical ones in rural areas, at small and medium-sized WWTP typical of the Greater 
Region, where their high cost compromise the viability of this last step. 
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In recent years the growth of the chemical industry attending the increasing demand for herbicides, pesticides 
and pharmaceuticals has led to the appearance of substances in the environment at trace concentrations 
called microcontaminants (MCs) that cannot be removed from wastewater by the conventional biological 
processes applied at wastewater treatment plants (WWTP). Consequently, they remain in the discharged 
effluents with the potential risk that could entail for the flora and the fauna.  Thus, the implementation of 
new technologies for their targeted and cost-efficient removal is a challenge that needs to be addressed.   
In this context, the Water Management Authority of Luxembourg has selected thirteen WWTP to implement 
advanced technologies as a latest step to reduce the presence of MCs on the effluents, establishing the 80% 
of removal regarding the WWTP influent as goal. Four MCs were selected as relevant compounds:  
benzotriazole, carbamazepine, clarithromycin and diclofenac. 
The combination of photo-Fenton process and Granular Activated Carbon (GAC) has been rarely reported, 
even less under near-real conditions, working at natural pH at pilot-scale. This work addresses their 
combination as a feasible alternative for medium-small size WWTP aiming their implementation at 
Heiderscheidergrund WWTP (12 000 population equivalent, Esch-sur-Sûre, Luxembourg) for reduce energy 
consumption of photo-Fenton and increase lifetime of GAC. 
Photo-Fenton equipment consisted of 500W medium pressure lamp (UV power 89W), connected to a storage 
tank with a total working volume of 60 L. The lamp was installed on a 1.2 L reactor with 0.1 m2 of illuminated 
area. The further GAC treatment was tested through Rapid Small Scale Columns consisting of two glass 
columns (8 mm diameter and 100 mm length) with different bed volumes possibilities operated in parallel. 
Two GAC types have been assessed, Norit 830 and NRS Carbon GA 0.5–2.5 (regenerated) that pose a green 
alternative due to its lower cost and carbon footprint. 
The optimization of operational parameters was performed via response surface methodology working at 
natural pH and selecting the optimal variables looking to scaling up. On the photo-Fenton the variables were 
the reagents (H₂O₂ and iron) dosage (using a chelating agent to maintain iron in solution at circumneutral pH). 
Results showed that the best dosage was 5 mg/L or iron and 40 mg/L of H₂O₂ reaching an 87% elimination 
after 20 minutes. For the combination, the effluent obtained after 5 and 10 minutes of photo-Fenton was 
post-treated with GAC, achieving the 80% after 4 and 1 hour respectively.  
Results showed that the combination of treatments supposes a reduction of photo-Fenton time, entailing an 
energy consumption reduction of 75 and 50% for 5 and 10 minutes respectively. The process has been 
demonstrated as feasible and next step is to carry out a cost analysis to assess its viability.
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Obstructing pipes due to salts precipitation is one of the principal problems occurring in water supply systems. 
High levels concentrations of alkalinity and hardness encourage the precipitation of Ca and Mg salts. 
Intermittent water supply systems promote the precipitation of these salts due to the increase in the 
residence time of water in the distribution system. Precipitation rate can be modified by the Ca/Mg hardness 
concentrations ratio present in the water; this delays the precipitation of salts. The objective of this work was 
to determine the effect of the Ca/Mg concentrations ratio on Ca and Mg precipitation under drinking 
groundwater water sources conditions. Precipitation kinetics experiments were performed using synthetic 
water at different Ca/Mg concentrations ratios; those were performed at the same alkalinity and Ca 
concentrations obtained in real potable groundwater. The pH, electrical conductivity, alkalinity, Ca, and Mg 
hardness were measured. Both electrical conductivity and alkalinity reduction are related to Ca precipitation, 
whereas pH increases at the start of assays and is reduced during Ca precipitation. High Ca and Mg 
precipitation was obtained at higher Ca/Mg ratios than 5.5, while the precipitation of these ions was reduced 
at lower ones. The knowledge of the Ca/Mg concentration ratio contained in drinking water sources could 
predict the precipitation of salts in pipes.



Theme 3 

Environmental hydraulics and 
urban water cycle 
 
 

Assessment of new immobilized photocatalysts for wastewater disinfection 
and decontamination. 

Ms. Alba Hernández-Zanoletty1, Dra. Inmaculada Polo-López1, Dra. Isabel Oller1, Dr. Sixto Malato1, Dra. Ana 
Ruiz-Delgado1, Dra. Samira Nahim-Granados1, Sra. Jenny Flores2, Sr. Óscar Cabezuelo2, Dra. M. Luisa Marin2, 
Dr. F. Boscá2 

1Plataforma Solar de Almería-CIEMAT, Carretera de Senés Km 4, 04200 (Tabernas, Almería), Spain., , , 2ITQ, Universitat 
Politècnica de València-Consejo Superior de Investigaciones Científicas, Avda. de los Naranjos s/n, E-46022 Valencia, Spain., 
,  

Theme 3: Environmental hydraulics and urban water cycle (8), Andalucía I, junio 22, 2022, 12:00 - 13:30 

The treatment and reuse of urban wastewater is currently an actual alternative to mitigate water problems 
in terms of water stress, scarcity and/or bad quality in many areas around the world. Advanced Oxidation 
Processes (AOPs) have proven to be effective as tertiary treatments for the reduction or elimination of 
hazardous chemical compounds such as contaminants of emerging concern (CECs) and pathogenic 
microorganisms including antibiotic resistant bacteria and genes (ARG and ARB). 
 
Among AOPs, photocatalytic processes based on semiconductors and organic photocatalysts driven by 
sunlight have gained attention of researchers due to its good characteristics and effectiveness demonstrated 
for water purification. Nevertheless, important limitations on the up-scale still need investigation such as the 
catalyst separation or recovery after the water treatment. In this regard, the immobilization of catalysts to 
facilitate their recovery and recycling is one of the most investigated solutions. In fact, this concept has been 
applied to the heterogenization of semiconductors such as TiO₂ or organic photocatalysts on silica materials 
to improve the solar photocatalytic efficiency in aqueous solution. 
 
The aim of this study is to evaluate new immobilized photocatalysts, Riboflavin and Rose Bengal covalently 
bound to glass wool and TiO₂ supported on glass wool, for decontamination and disinfection of simulated 
effluents of urban wastewater (UWW). Preliminary tests were carried out under different operating 
conditions in a solar simulator SUNTEST XLS+ (Atlas Material Testing Solutions) with 30 W/m² irradiation 
average. The experimental set-up is composed of a UV-transparent tubular reactor (14 mm diameter) filled 
with 1 g/L of each corresponding immobilized photocatalyst. Water flows at 108 mL/min. Demineralized 
water spiked with sulfamethoxazole (SMX) (at 1 mg/L initial concentration) and Escherichia coli and 
Enterococcus faecalis (10⁶ CFU/mL initial concentrations each) were used as model of CECs and waterborne 
pathogens for the assessment of the photocatalytic efficiency of both immobilized photocatalysts. Prior to 
each experiment, the photocatalysts were washed to avoid any residual contamination.   
 
Results showed that riboflavin (10.9 g/L) was the best option for water disinfection, reaching 4 Log Reduction 
Value (LRV) in 100 min for E. coli and E. faecalis. On the other hand, the best result for water decontamination 
(SMX removal 75% in 120 min) was obtained with the TiO₂ photocatalyst (7.6 g/L) supported on glass wool, 
which also showed a large number of cycles of efficient reuse activity. Following working plan will be focused 
on testing the new immobilized photocatalysts in different photoreactor designs and optimize the mechanism 
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of action, with a mixture of several different pollutants (CECs and pathogens) in natural water and actual 
UWW treatment plant effluents.
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In the last years, research on the capability of different solar processes as potential urban wastewater (UWW) 
tertiary treatment has gained attention. Solar photo-Fenton with iron-quelates (such as Fe³+-EDHHA) and 
other solar driven chemical processes based on the use of oxidative agents (such as hydrogen peroxide (H₂O₂) 
or persulfate (PDS)) have proven good efficiency for the abatement of pathogenic microorganisms and 
hazardous chemical compounds from secondary effluents of UWW. Moreover, its application within CPC 
reactor is an effective solution that promote the collection of UV-visible photons from solar radiation, 
accelerating any water disinfection and decontamination process.  
This study aims to evaluate different solar processes (H₂O₂, PDS, and solar photo-Fenton with Fe³+-EDHHA in 
combination with H₂O₂ or PDS) for the simultaneous decontamination and disinfection of actual secondary 
effluents from the UWW treatment plant of “El Bobar” (Almería, Spain). Freshly and physicochemical 
characterized batches of UWW were treated using a CPC reactor (Total volume 18L, illuminated volume 12.5 
L, illuminated surface 1 m²) in recirculation mode. Naturally occurring Escherichia coli, Total coliforms and the 
virus’s somatic coliphages (SOMCPH) in UWW were monitored as microbial indicators; meanwhile a cocktail 
of CEC (sulfamethoxazole, pyrimethanil and pentachlorophenol) spiked in the UWW at 100 µg/L each were 
assessed as a model of chemical pollutants. The following solar treatments and oxidant concentrations 
(selected according to previous works) were tested: a) 50 mg/L-H₂O₂; b) 2.5/20 mg/L-Fe³+-EDHHA/H₂O₂; c) 
0.5, 0.7 and 1mM-PDS; d) 2.5 mg/L-Fe³+-EDHHA with 0.5 and 1 mM-PDS. The solar treatment times lasted for 
four hours, along which water temperature and solar UVA radiation were also monitored. 
Decontamination results showed that after 240 min of treatment time, no significant differences in the 
degradation of ∑CECs were observed, reaching a removal of 70-80 % with all treatment and conditions 
investigated. Regarding water disinfection, the best treatment for bacterial inactivation (3-LRV of E. coli and 
4-LRV of Total coliforms, detection limit 200 CFU/100 mL) was obtained with Fe³+-EDHHA/H₂O₂ (90-120 min), 
followed by H₂O₂/solar (120 min), and PDS/solar (150-180 min), respectively. Nevertheless, a different 
performance trend was observed for SOMCPH, where 2-LRV (from 535-1280 to 2 PFU/100 mL) was reached 
only for H₂O₂/solar and PDS/solar (0.5 and 1 mM) after 150, 180, and 240 min treatment time, respectively. 
Summarizing, the best treatment for the simultaneous disinfection and decontamination of actual UWW was 
determined with H₂O₂/solar at a concentration of 50 mg/L. At this condition, water quality obtained meets 
the requirements established in the new European regulation on wastewater for irrigation in agriculture (EU 
2020/741), nevertheless, higher concentrations of these oxidants are being currently investigated in order to 
improve the treatment time and evaluating also their response against other pollutants concern, such as 
antibiotic resistant genes.  
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Freshwater demand is set to outstrip supply in many parts of the world, with the effects of changing climate, 
evolving land use, and industrial development. Several countries already rely on seawater desalination as 
their key source of potable water. Desalination plants require a constant supply of clean seawater, and are 
therefore vulnerable to pollution from marine outfalls, coastal construction activities, and shipping.  
 
National-scale management plans are necessary to ensure that coastal developments and facilities are 
coordinated to prevent harmful effects on these vital plants, and to protect the environment. This involves 
management and integration of multiple stakeholders and governing bodies. 
 
The authors use multiscale hydrodynamic and pollutant dispersion modelling to provide advice to national 
water authorities, who are consultees in the permitting processes for new developments close to sensitive 
desalination plants. In this paper, key strategies of management and mitigation are presented.
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Large-scale water pumps with bell mouth intakes are broadly used by municipal wastewater services to move 
sewage to wastewater treatment plants. Swirling the flow when entering the suction bell of the pump intake 
can cause free-surface and/or sub-surface vortices, resulting in poor pump operation. To properly design the 
wet well of the sewage pump station, both physical and numerical models are typically used to analyze the 
flow condition entering the pump intake and the associated flow pattern and potential vortex formation. 
During the physical model testing at Ryerson University’s Centre of Urban Innovation Laboratory, the Ryerson 
University’s researchers found that uneven flow distributions, including vortices, were observed at the intake 
chamber under three pump-working conditions. The researchers analyzed alternative slot designs of the 
chamber entrance to achieve an even flow distribution with minimal vortices. Additionally, a tapered design 
of the suction bell intake was tested for potential vortex formation. The results showed that a reduced area 
of the entrance slot could distribute the inflow evenly in the chamber. Moreover, no vortex formation around 
the tapered suction bell was found under (a) a low flow condition of 10 l/s at a water level -5.10 m below 
datum and (b) a cleaning cycle scenario of 16 l/s at a water level -4.9 m below the datum. However, water 
rotations were observed at the back wall side. For tight and intense water rotations, it might cause vortex 
formation. This study has provided design changes that can smooth the flow and reduce vortices at the bell 
mouth intakes of the pump intake chamber.
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The need of studying the role of plastic pollution in water ecosystems is now emerged due to the influence 
on animals and human livelihood. Despite this, there is a lack of data and knowledge on fluxes of riverine litter 
to the sea, while the quantification of sources, stores and fluxes of plastics throughout river coastal basins is 
fundamental to better understand the plastic litter dynamics. Recent studies observed that only the 3% of 
the plastic waste generated within the river basin reach the ocean, so a large part of the plastic waste remains 
entrapped within the river system. In this context, urban areas along the rivers corridor have a great 
importance due to their role as source of plastics, and due to presence of in-channel structures. In this work, 
the macroplastics monitoring in the urban water system of the city of Florence (Italy) is presented, particularly 
focusing on the Arno River that cross the city. The survey was carried out in 2021 using the citizen science 
methodology implemented in the CrowdWater mobile application, which allows the classification and geo-
referencing of plastic items. PO-soft and PO-hard plastics were the two main observed plastic typologies, that 
account for more than the 50% of the total observed items. Three hotspots for plastics were identified along 
the Arno River, these locations were surveyed two times, in June and in October, in order to highlight the role 
of seasonality on the plastic pollution. A doubled number of plastics was observed between summer and 
autumn.
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The fish passage performance and flow structure of a vertical slot fish pass, with and without brush blocks, 
were investigated at the Cataloluk Small Hydropower Plant on the Tekir River, located in the Ceyhan River 
Basin of Turkey. Within the scope of the project, three-dimensional velocity measurements and fish 
monitoring studies were performed for different hydraulic conditions. The prototype flow measurements 
showed that by placing brush blocks and substrate in a vertical-slot pool: (i) the maximum velocity observed 
near the bed at the downstream of the slot was reduced by 50%, (ii) the flow energy is effectively dissipated 
by the vibrations and bending of the bristles leading an about 16% reduction in the spatially averaged 
turbulence kinetic energy and spatially averaged power velocity is reduced by 20%, (iii) turbulent jet region 
reduced and recirculation regions disappeared, (iv) behind the brush blocks resting areas are created for fish 
and new migrations corridors are created besides the main brush block.  
By processing underwater video recordings, it has been shown that micro-habitat is created for fish after the 
installation of brush blocks and substrate. In addition, the passage efficiency of the vertical slot fish pass was 
assessed using Passive Integrated Transponder (PIT) telemetry method. After the installation of brush blocks 
and substrate, the upstream passage of efficiency of Capoeta damascina increased from 15.4% to 66.1%. The 
passage efficiency of Alburnus adanensis was found as 52%. These efficiency values of the fish pass are higher 
than those of other technical type fish passages presented in the literature for a fish pass with a variable bed 
slope of 7-10%. Also, the data revealed that the structural modification provides passage for small-bodied fish 
in a high-gradient channel. The monitoring data revealed that polypropylene bristles, which have modulus of 
elasticity=1.45 GPa and density=905 kg/m3, as flexible hydraulic elements and energy absorbers are beneficial 
for migrating fish. The proposed innovative design has been found to be cost-efficient and easy to implement 
in existing vertical slotted fish passages. The investment cost is about 15,000 EUR and installation was 
completed in one week. The results obtained from this study are expected to contribute to the rehabilitation 
projects of fish pass structures considering the ecological conditions in the project area. 
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In the present study, the use of high-resolution bathymetric survey data from Airborne LIDAR Bathymetry 
(ALB) in hydrodynamic-numerical (HN) 2D modelling and instream habitat modelling was investigated. The 
aim was to assess the quality of modelled habitat suitability as a function of the spatial resolution of the basic 
geometry input. Two near-natural river reaches of different dimension in the grayling region were exemplary 
used therefore. 
 
With the help of ALB, survey data in the range of 20 - 40 survey points per square meter can be achieved. The 
accuracy of the surveyed points is in the range of 10 cm. Based on this high-resolution survey data base, HN 
2D calculation meshes in varying spatial resolution were generated to calculate local hydraulic variables 
serving as input for instream habitat modelling for fish. By this means, the calculation of habitat suitability in 
dependency of the spatial resolution of the calculation mesh and the calculated local hydraulic variables could 
be assessed. The accuracy of calculated local hydraulic variables in dependency of the spatial resolution of 
the calculation mesh was also addressed herein.  
 
The results of the work show that a realistic representation of the river bed on the one hand and on the other 
hand the calibration of the HN 2D model play an important role for the calculation of plausible habitat 
suitabilities. The accurate representation of the local water depths and flow velocities, which are required for 
habitat modelling, is essential. Thereby, the necessary spatial resolution of the terrain model and calculation 
mesh depends on the size of the water body and the considered life stage of the fish species. 
The accurate representation of the shore line as transition between wetted and dry areas and thereby the 
representation of shallow water zones near the shore line is becoming more uncertain with lower resolved 
calculation meshes. This is important for modelling juvenile fish habitats, which are in need of areas that 
provide small water depths and low flow velocities. The calculation of habitat suitabilities for adult life stages 
of fish, which usually prefer areas with bigger water depths, is less dependent on the spatial resolution of the 
calculation mesh. 
 
In general, it can be stated that ALB data form a very good basis for the calculation of detailed local flow 
variables in high spatial resolution, which can be used subsequently for instream habitat modelling. The data 
offer the possibility to adapt the spatial resolution of the calculation mesh to the size of the river bed 
structures and the object of investigation.
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Hydrological alterations can reduce aquatic biodiversity by disrupting the natural flow regimes that 
characterize the life cycles of organisms. However, past studies have faced difficulties in quantifying the 
impacts of dams and climate change, which are major drivers of hydrological alterations. Here, we aimed to 
evaluate and compare the flow regime alterations caused by dams and climate change throughout the Omaru 
River catchment, Japan, using a distributed hydrological model. First, to assess the impacts of dam and climate 
change independently, we performed runoff analyses using either dam discharge or future climatic data (two 
future periods × three representative concentration pathways; RCPs). Subsequently, we derived indicators of 
hydrologic alterations (IHA) to quantify changes in flow alterations by comparing them to IHA under natural 
conditions (i.e., without dam or climate change data). The runoff analyses showed high reproducibility 
throughout the study period (Nash-Sutcliffe efficiency = 0.921–0.964). We found that dams altered flow 
regimes more  than climate change, especially under conservative RCP scenarios (RCP2.6 and RCP4.5). 
However, on a catchment-scale standpoint, climate change induced wider ranges of flow alterations, such as 
low flow metrics along the tributaries and uppermost main stem, suggesting a watershed-level shrinkage in 
important corridors of aquatic organisms by reducing upstream length and water level. We also observed that 
the altered flow regimes by water withdrawals were ameliorated by the confluence of tributaries and 
downstream hydropower outflows. Our approach, which used a distributed hydrological model, developed a 
better understanding of flow alterations by dams and climate change.



Theme 3 

Environmental hydraulics and 
urban water cycle 
 
 

NUMERICAL COMPARISON OF RANS, URANS AND LES SIMULATIONS OF 
TURBULENT FLOW IN VERTICAL DOUBLE SLOT FISHWAYS 

Ms. Anne-Fleur Lejeune1,2, Prof. Damien Calluaud1,2, Prof. Gérard Pineau1,2, Prof. Laurent David1,2 

1Institut PPrime, CNRS, Université de Poitiers, ISAE-ENSMA, Poitiers, France, 2Pôle R&D écohydraulique, OFB-IMFT-PPRIME, 
, France 

Theme 3: Environmental hydraulics and urban water cycle (9), Andalucía II, junio 23, 2022, 8:30 - 10:00 

The Water Framework Directive, elected in 2000, require European Union member states to achieve good 
quality of all water bodies. This aim comes, amongst other things, by insuring the continuity of rivers for fish 
species, and thus bypass structures were implemented in proximity to obstacles.  
 
The use of Vertical Double Slot Fishways (VDSF) has significantly increased over the last ten years, particularly 
in France (on the 50 existing VDSF, 29 were installed in the 2010s). However, few studies (Fujihara et al., 2003; 
Huang, 2020) have been conducted on this particular type of fishway since the first testing in 1943, in Canada 
(Clay, 1995).  
 
The proposed study is funded by the French Office of Biodiversity and has two major goals: understanding 
the turbulent flows inside a VDSF and optimise the design criteria. Unlike the Vertical (single) Slot Fishways 
(VSF), knowledge on VDFS optimal designs, such as length and width ratios, is scarce.  
 
Since the flow is unsteady and three-dimensional, a numerical approach has been chosen to model a specific 
VDSF, using CFD software Star-CCM+. Fluid dynamics are difficult to predict inside, as it is a cavity flow with 
high Reynolds number (Re ~ 150,000), combining free surface and two jets mixing together.  
 
An experimental 1:6 scale 5 pools fishway prototype, reproducing an existing VDSF in Malause on the Garonne 
river (France), is simulated. This work follows and makes use of methods previously drawn up in numerical 
studies on VSF (Ballu et al., 2017). A comparison between three modelling methods has been implemented: 
RANS (Reynolds-Averaged Navier-Stokes), URANS (Unsteady RANS) and LES (Large Eddy Simulation), with 
different grid sizes. The goal is to determine the most appropriate method to model the turbulent flow inside 
a VDSF, and thus to access turbulent and unsteady flow features with accuracy. Hydraulic mean values from 
all three methods have been assessed, both global values from the middle pool and several specific profiles. 
The evolution of the flow has been studied with the unsteady simulations: URANS and LES. A grid sensibility 
study has also been implemented on each of the methods.  
 
A future study will focus on reducing the size of the domain of simulation to one or two pools, in order to 
decrease significantly the calculation time and, if possible, ease the access to turbulent and unsteady features. 
When both the method and the domain are settled -and after a validation with experimental data, several 
simulations will be launched to establish the most favourable dimensions for fish to reach upstream, using 
hydraulics attributes linked to the IPOS parameters (Lacey et al., 2011). 
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Shallow lakes are highly susceptible to the impacts of climate and climatic changes because of their small 
depth. Lake Suwa, Japan is surrounded by mountains and farmlands, and nutrients derived from chemical 
fertilizers used for agriculture and domestic wastewater caused eutrophication of the lake before the 
construction of a regional sewerage system, resulting in large outbreaks of Microcystis and other 
environmental degradation. In recent years, the water quality has been improved. As a result, a large amount 
of phytoplankton has been suppressed, while a large number of aquatic plants have been proliferating, and 
the ecosystem in the lake itself has been changing. 
In order to conduct numerical simulations of water environment in such a water body, the model first needs 
to ensure the reproducibility of water temperature. However, it is challenging to simulate thermal 
stratification in summer, and the model performance to represent the temperature distribution is very 
sensitive to boundary and meteorological conditions. We incorporated a bottom heat transfer model into a 
three-dimensional hydrodynamic and biogeochemical model SCHISM-ICM (Zhang et al., 2016). Sensitivity 
analysis was conducted by changing the bottom boundary conditions and the temperature of inflowing river 
water. 
 Finally, we examined the impacts of model performance in the thermal stratification on biogeochemical 
modeling by comparing the distributions of dissolved oxygen. The new diabatic model simulated the bottom 
temperature better than the conventional adiabatic model, and hypoxia was formed longer and more stably 
due to the stronger vertical stratification.   
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Algal blooms are a worldwide problem, especially in the Brazilian Northeast, a highly-populated semiarid 
region with more than 200,000 water-supply reservoirs, which has faced human losses due to cyanotoxin 
poisoning. Bubble plumes have long been used to minimize eutrophication symptoms in lakes and reservoirs 
by artificial destratification and hypolimnetic oxygenation. However, previous studies have been carried out 
normally under stratified water conditions in relatively deep lakes and reservoirs. On the other hand, 
laboratory experiments using different mixing devices in unstratified tanks have suggested that small-scale 
turbulence can influence algal growth by affecting cellular activities, promoting cell disruption, and/or 
changing the settling velocity of the cells. Nevertheless, the effect of small-scale turbulence on algal dynamics 
and metabolic rates is still unclear, and the results obtained from different experimental studies may not be 
representative of natural environments, such as lakes and reservoirs. In this study, we investigated the impact 
of bubble plumes on the behavior of algae in a hypereutrophic, shallow and unstratified lake in the Brazilian 
Northeast. The results indicated that flow turbulence and circulation induced by bubble plumes promoted a 
faster decay of algae over time, as compared to baseline data obtained outside these plumes. The time-
variation of chlorophyll-a, cyanobacteria, and pheophytin-a were adjusted to first-order kinetic models, both 
inside and outside the bubble plumes. The net reduction rates of chlorophyll-a and cyanobacteria due to 
induced circulation were well described by a log-curve as a function of a dimensionless parameter that 
describes bubble plume hydrodynamics. These algal reduction rates were also related to the net growth rate 
of pheophytin-a, which suggests that algal removal was caused mainly by cellular death. Moreover, the 
relationship proposed here was used to predict the effect of bubble plume-induced circulation on algal 
removal in larger unstratified lakes, for different scenarios of air flow rates. The simulations indicated that 
the use of point-source bubble plumes can be an effective measure to minimize the local impacts of 
eutrophication in water-supply reservoirs and potentially reduce water treatment costs.
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The hydraulic resistance of natural channels is mainly due to vegetation. This study examines the hydraulic 
resistance of fully developed macrophyte vegetation. The vegetation effect on hydraulics is modeled using 
the simplified two-layer model with the vegetative blockage factor. This model links parameters 
characterizing vegetation physical features with the hydraulic resistance described using usually the Manning 
roughness coefficient. Research was carried out on a 25 m reach of the Upper River Narew. It is a lowland, 
low-gradient (0.0002 m/m) river situated in north-eastern Poland, characterized by temperate climate and 
precipitation amount ca. 600 mm per year resulting in an average flow of 15 m3/s. The channel is strongly 
vegetated with macrophytes growing on the bottom and banks. Blockage factors (the proportion of a cross-
section blocked by vegetation) were determined for six cross-sections at analyzed river reach. The 
measurements performed in cross-sections verticals included: the species of macrophyte present; water 
depth and velocity; height of the top of the macrophyte above the bed; height of the underside of the 
macrophyte above the bed; and whether that macrophyte was present between that profile and the next. 
The velocity were measured using OTT MF Pro electromagnetic flow meter in 5-6 points in each vertical 
profile. For each measurement series a water slope was taken. As the outcome of the study Manning 
roughness coefficients and parameters of the two-layer were determined. 


