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A good number of studies were conducted previously on the scour of sand beds by vertically impinging circular 
jets, since it represents many practical scour phenomena. However, these studies were based on mostly long 
impinging jets, where the impinging height h is longer than 8.3 times the jet diameter d. However, in many 
practical applications, a short impinging jet with h < 5.5d is desired, so that the average velocity of the jet at 
the impingement region is higher and more uniform. This study focuses on the differences and similarities of 
long and short impinging jet scour, based on laboratory experiments and previous studies. Preliminary results 
suggest that the scour mechanism, development of scour hole, and profile of the dimensionless shape are 
different. 
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Reservoir sedimentation is nowadays a major concern in the operational management of dams. The 
increasing volume of sediments deposited in reservoirs reduce their storage capacity and negatively affects 
their sustainability. In this context, sediment flushing has been reported as one of the most efficient 
techniques to mitigate the negative effects related to reservoir sedimentation. The efficiency of this technique 
is defined herein as the ratio of the volume of sediment evacuated with respect to the volume of water 
released (Vs / Vw). This efficiency depends on factors such as the planform geometry of the reservoir, the 
discharge capacity of the bottom outlets, the initial water head (hw), the volume of water initially stored, the 
thickness of the sediment bottom layer (hs), and the sediment characteristics. This study aims to assess the 
efficacy of flushing operations for different initial water heads (hw) and stored volumes (Vw), different bed 
slopes (S0), and different grain sizes of sediments (D*). To this end, 90 laboratory experiments have been 
conducted, in which ten pairs of values hw – hs have been tested for three reservoir lengths, three initial bed 
slopes and three sediment sizes. The results show that the volume of sediment evacuated (Vs) increases as 
Vw, S0, and hs increase. In turn, the flushing efficacy increases as S0 increases, and it decreases as Vw / hs3 
increases. In this study, the effect of the sediment size both on Vs and on Vs / Vw was reduced, because the 
critical boundary shear was similar for the three tested sediment mixtures.
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Andújar sits on the right bank of Guadalquivir River. Its origin predates the arrival of Romans. During the 20th 
century, small hydroelectric waterfalls were built in its surroundings. The closest is the Marmolejo reservoir, 
16 km downstream. It is a concrete dam regulated with gates, which raises about 20 m the water level surface. 
It had a capacity of 11.4 hm3. The level of exploitation places the reservoir tail in the Roman bridge of Andújar. 
In the 90s there were major overflows in the Guadalquivir valley, which came to affect Andújar with flows 
that traditionally did not generate problems. The Guadalquivir Hydrographic Confederation, as the competent 
hydraulic Administration, carried out a series of actions, such as longitudinal weirs and dredging, with little 
success. 
CEDEX began to collaborate in this study, after the April 2013 flooding episode. A new hydrodynamic two-
dimensional modeling was carried out with Iber, taking into account the riverbed sedimentary evolution 
thanks to the available bathymetries of 1962, 1997, 2001, and 2014. In 1997 the reservoir had lost 81% of its 
capacity, and that the accumulated sediment considerably raised the flood levels. Therefore, Andújar's first 
defense measure against flooding is to control the reservoir sedimentation level. It was found that the 
avenues of 2010 and 2013 had dragged a large amount of sediment, leaving the capacity at 65% of the initial 
one. This shows that the sedimentation process is reversible. 
To analyze the sedimentation process of the reservoir, six other bathymetries have been obtained since 2018. 
They have been carried out strategically, before and after flood events, or dry periods, in which the reservoir 
level is maintained elevated. Suspended sediment gauging field campaigns are also being carried out. It has 
been found that the rates are very high mainly due to high soil erosion. The reservoir basin has an area of 
313,200 ha, of which 58% are olive groves.  
ENDESA, the reservoir owner, has collaborated in these works. 
Currently are being numerically simulated the sedimentation processes with the Ariathurai&Arulanandam 
model (1978) for cohesive material. The evolution of the reservoir has been simulated in the periods between 
the different bathymetries, which has let to calibrate shear stresses of erosion and sedimentation. 
The reservoir sedimentation is highly conditioned by its exploitation, during dry periods, which can sometimes 
last for years, the reservoir level remains at the exploitation level, favoring sedimentation. During flood 
events, a large amount of sediment is dragged. With the numerical model, the best management strategies 
are being studied that allow maintaining the profitability of the hydroelectric plant compatible with 
maintaining low sedimentation levels that guarantee the safety of Andújar against floods. 
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Nqweba Dam is one of the oldest dams in South Africa and was commissioned in 1925 for irrigation. The 
original reservoir depth was 31 m, but over the years sedimentation has reduced the water depth to 9 m. The 
original storage capacity of 79 million m³ has decreased to 44 million m³ by 2020. The dam supplies the town 
of Graaff-Reinet and due to the growing population at 2% pa it was realised in 1995 that the water use should 
change from irrigation to 100% potable use. For the past 25 years the town has been supplied from the dam 
when it has water and from ground water when the dam runs empty during droughts. The current water 
requirement of the town is 3.3 million m³/a and during 2019 the dam ran dry, while the ground water resource 
only supplied less than 50% of the demand. Urgent short and medium term measures were sought to solve 
the water crisis. Dam raising was found not to be beneficial, but options to reduce the evaporation are, such 
as dredging or a new off-channel dam, as well as floating balls/solar panels on part of the reservoir will restore 
the dam’s firm yield. 
The historical sediment yield of the catchment has been observed from reservoir surveys to decrease by 300 
% over a 95 year period. This is due to a transition from sheep farming for wool almost a century ago 
associated with significant overgrazing and land degradation, to game farming during the past 4 decades 
which has become much more profitable.  
The hydrological model SHETRAN was used to evaluate the future climate change impacts on the long term 
sediment yield. SHETRAN is a physically-based, spatially-distributed rainfall-runoff-erosion-sediment 
transport model with an integrated surface/ subsurface model and routes the sediment loads along rivers. 
The model was calibrated against observed daily rainfall, runoff and sediment yield data. Future precipitation 
and temperature data was retrieved from an ensemble of the regional and global climate model. For future 
scenarios the precipitation, land cover and evaporation were simulated separately or combined. The global 
climate models predicted an increase in precipitation and runoff by the end of this century in the catchment 
which will lead to slightly improved vegetation conditions, but the simulated long term sediment yield will 
however increase by 300 % by the end of the century, the same as a century ago. Therefore the benefit of the 
current game farming land use which reduced the negative sediment yield effects of sheep farming by 300%, 
will unfortunately be cancelled out by the future climate change impacts causing larger floods, erosion and a 
higher sediment yield.  
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Soil erosion is a major environmental threat to ecosystem functions, especially to the sustainability and 
productive capacity of land such as agriculture. Land-use change on one hand is among the key influential 
factors of soil erosion. Therefore, modelling the impact of land-use changes on soil erosion in watersheds is 
crucial in soil and water resource planning and management. In this study, a physiographic soil erosion–
deposition model (PSED), which integrates Geographic Information System (GIS) with rainfall-runoff model 
and erosion-deposition model is applied to simulate the response of soil erosion to land-use changes. Being 
paired with GIS, the model can evaluate huge hydrologic and physiographic datasets without the need for 
simplification. Land-use changes from 1995 to 2011 in Laonung watershed, Southern Taiwan were used for 
the analysis. It was observed that agricultural land, grassland, bare land, built-up areas, unoccupied land 
expanded, at the expense of forest land. Consequently, resulting in a substantial amount of soil loss in the 
study area. Five typhoon events from 2002 to 2019 were used to simulate the effect of land-use changes on 
soil erosion. The results show that even the slightest changes in land use had a significant impact on the 
regional soil erosion with increasing rates ranging from 59–555%, 43–546%, 52–608%, 48–609%, 51–601% 
for 1995 – 2011 land-use changes during 2002, 2009, 2011, 2017, 2019 typhoon events, respectively. The 
proposed approach can be applied in similar watersheds as an effective tool to enhance land-use monitoring 
and management of watersheds.
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The transport and deposition of suspended sediments in reservoirs not only affect the life span of the storage 
capacity of these water bodies but also influence the quality of the water upstream of the impoundments. 
Hence, these processes have been object to a large number of studies, more specifically using numerical 
simulations. Wind and temperature influence the hydrodynamics of lakes and reservoirs affecting the shape 
and magnitude of the velocity profiles and also inducing mixing and stratification in the water column. The 
effect of those two factors on the transport of suspended sediments in reservoirs is here investigated through 
numerical simulations with the software Delft3D applied to the Passaúna Reservoir in Brazil. Furthermore, we 
tested the sensitivity of the simulations results to two vertical grid systems implemented in Delft3D: Z- and 
sigma-coordinate systems. The Z-layer system is usually implemented when modelling processes in which 
vertical exchange is relevant, e.g. thermal stratification. On the other hand, the sigma-layer configuration is 
the standard selection when modelling suspended sediment transport. The amount of deposited sediments, 
the deposition pattern and the suspended sediment concentration (SSC) profiles were investigated for the 
mentioned vertical discretization systems, with the inclusion or not of wind and/or water temperature. We 
found that the numerical results in terms of transport of suspended sediment are affected by the selection of 
the vertical coordinate system; furthermore, we show that the inclusion of temperature and wind in the 
numerical simulations is relevant. This work is a basis for the setup of other models in similar reservoirs, in 
environments where both fine sediment transport and thermal stratification processes are relevant. 
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The establishment of sediment budgets is a major challenge, that many institutions and scientists have 
already dealt with. Reasons to establish sediment budgets include sediment continuity, climate change, land 
use changes, changes in morphology, the investigation of suitable river engineering measures or flood events. 
Sediment balancing is also used as management concepts to counteract the problems of a river in the long 
term (e.g. sediment discontinuity, erosion, sedimentation). 
 
The present study comprises three sediment budgets. All three project regions are located in the south of 
Austria, Carinthia. However, these sediment budgets differ in the fundamental question, basic data and the 
time scale, which varies from two weeks to 27 years. 
The first balance is a long-term sediment budget and includes the morphological changes of a river. To 
develop a suitable river engineering measure setting for the Gail River - within a time period of 27 years - we 
used historical data, sediment input data, grain size distributions, surveys of riverbed changes, a tracer study 
and bedload measurements as data basis. The challenge of this balance lies in the many sediment-input and 
-output variables that have to be considered over a 27-year period. 
The second balance is a medium-term balance. Data of tributaries (grain size, slope, profile, discharge), a 
tracer study and bed load of the river were used to evaluate the plausibility of a unique, existing monitoring 
system at the Drava River. From the generated balance there is a difference of 15.900 tons (sediments >22,4 
mm) between the calculated and measured loads during an investigation period of two years. This balance 
was drawn up for 2015/2016 and it was difficult to gather data for exactly these two years.  
For the short-term third case study balance, a flood event has been considered. With grain size distributions, 
suspended sediment data and river bed as well as floodplain level surveys the input and output of bed load 
and suspended load was balanced for a flood event at the Gail River. The balance shows that 1,4 million m³ 
of sediment was in motion during the flood event. The challenge in this balance lies in some balance variables, 
such as sediment deposition in the surrounding area, bank erosion or soil erosion. Not all data could be 
measured or determined in the required level of detail.  
 
Due to numerous factors involved, such as time scale, morphological changes or the level of detail of data 
bases, drawing up an overall and representative sediment balance is highly challenging. However, with the 
use of the presented three case studies, this paper aims to demonstrate how a sediment balance can be 
established under different restrictions. 
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Large amounts of soil erosion are often generated from rainfall of high intensity in a watershed. In turn, this 
influences the characteristics of sediment transport and riverbed evolution, leading to enormous sediment 
related disasters and shortens the lifespan of reservoirs. In addition, sediments deposited in river channels 
increases the probability of floods and is likely to cause significant changes in the natural environment of the 
watershed. Therefore, to identify proper soil management approaches for the watershed, a soil erosion 
model is applied to estimate the soil loss and sediment yield during rainfall events. Laonung River watershed 
is used as an illustrative example, and the physiographic soil erosion–deposition (PSED) model is applied to 
simulate runoff, soil erosion, and sediment yield, caused by various rainfall events. Three groups of rainfall 
pattern (falling, middle and splitting pattern) were used and a total of six real rainfall events were used for 
simulation. The simulation results shows that the falling rainfall pattern produced the highest total soil 
erosion, and the splitting rainfall pattern had the least soil erosion and sediment yield even though both 
patterns had similar amount of rainfall and duration. The findings from this study shows that slight changes 
in rainfall can produce significant changes in channel behavior as shown from the results difference in rainfall 
intensity caused varying results. This study will help expand the database of soil erosion, and sediment 
disaster records and provides a lab reference for details on sediment disaster prevention and control and 
overall watershed management. 
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The accumulation of large woody debris at bridge piers can cause serious damage to bridge structures by 
increasing scour depth and exerting structural loads, as well as increasing the flood risk in the upstream areas. 
These effects are heavily dependent on the size that debris jams can form at a single pier. Recent research 
works unveiled relationships between flow characteristics and large wood jam size. Despite many variables 
have been tested in the literature, the key-parameter of pier shape has been given comparatively less 
attention. In this work, we experimentally tested the effect that several pier shapes can have on the formation 
of large woody debris accumulations. We investigated the formation of large wood jams with five different 
pier shapes - namely square, triangle, ogive, trapezium and half-circle. Results revealed that the mechanics 
by which large wood jams formed (i.e. a three-phase scheme) for circular piers was systematically observed 
for all pier shapes, including the final rotation about the pier that leads to the jam failure. The maximum size 
of the formed large wood accumulations was compared to those of circular shape. Overall, differences were 
negligible in most cases, except for the square pier, in which the observed size was approximately 15% larger 
than other shapes. These differences can be potentially explained by the flat face of the pier that is able to 
entrap large wood elements more easily than other shapes.
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This paper presents the results of large-eddy simulations (LES) of free surface open-channel flow over a bed 
with spanwise heterogeneous roughness. The smooth channel bed is roughened via streamwise-orientated 
triangular strips. The flows reported on are at moderate Reynolds and Froude numbers and at varying relative 
submergence (i.e. water-depth-to-strip-height-ratio). Due to the presence of longitudinal strips the flow 
exhibits significantly different mean flow characteristics than the analogue flow over a smooth channel bed. 
The strip roughness induces turbulence anisotropy which leads to the formation of strong secondary currents, 
featuring upflow above the strip and a downflow in the trough between strips. It is found that the relative 
submergence has a profound influence on the strength of the secondary current which in turn affects the 
momentum balance, i.e. the greater the submergence the smaller the contribution of secondary currents to 
the momentum loss.
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Numerous studies on local scour around a cylinder installed in a uniform flow have been carried out. However, 
most of them are for the phenomenon under subcritical flow condition, and there are very few studies on the 
local scour under supercritical flow condition. Therefore, the purpose of this study is to clarify the 
characteristics of local scour around a cylinder in the supercritical flow regime. In this study, hydraulic 
experiments were conducted with different cylinder diameters and the channel slopes, and numerical 
simulations for the experiments were carried out using a two-dimensional (2D) shallow water flow model 
with modification to the calculation of the tractive force around the cylinder. 
First, hydraulic experiments were conducted using a 0.4 m wide, 7.0 m long, and 0.4 m deep straight channel 
with a flat bed of gravel with an averaged grain size of 5.21 mm. A single cylinder was installed in the center 
of the channel. The flow discharge was set at a constant rate of 0.0165 m3/s. The experiments were 
conducted for each combination of two cylinder diameters (0.06 m and 0.09 m) and three channel slopes 
(1/50, 1/75, and 1/100). The Froude number ranged from 0.95 to 1.30 approximately. The results showed 
that the larger the Froude number, the faster the maximum scour depth reached dynamic equilibrium stage, 
and the smaller the maximum scour depth and scour area around the cylinder. In the downstream area of the 
cylinder, the larger the Froude number, the larger the gravel deposition area. In addition, scouring was 
observed on the back of the cylinder to the same extent as on the front. This phenomenon has been rarely 
observed under subcritical flow condition. 
Next, numerical simulations were carried out for the experiments using a 2D shallow water flow model. In 
the model, only bed load with uniform particle size was considered, and the critical tractive force was 
corrected for the steep gradient of the channel. In order to take into account the increase in tractive force 
due to the formation of horseshoe vortices in front of the cylinder, a correction using the pressure gradient 
in the stream-wise direction of the depth-averaged flow velocity was added to the calculation of the tractive 
force. Consequently, the 2D shallow water flow model was able to reproduce the scouring situation in front 
of the cylinder, although not as well as the experimental results. In addition, as with the experimental results, 
the model was able to reproduce the phenomenon that the larger the Froude number, the faster the time 
required for the maximum scour depth to reach the dynamic equilibrium stage.
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The Rhine is Germany’s most important inland waterway and has been subject to substantial anthropogenic 
modifications along most of its length, influencing the river’s morphological and sedimentary regime. This 
contribution focuses on the free-flowing section of the German Upper Rhine, starting downstream of 
Iffezheim barrage in south-western Germany. Since the completion of the barrage in 1977, natural sediment 
supply from upstream is blocked. The resulting sediment deficit downstream is compensated by continuous 
bed load nourishment practices, with the overall aim to sustain river bed elevation along the free-flowing 
section of the Upper Rhine. This section is characterized by sets of groynes and connections to cut-off 
meanders, the latter resulting from former rectification measures. These and other characteristics affect the 
local hydraulics of the river and thus have the potential to cause changes in bed elevation and grain size 
distribution. To ensure safe shipping conditions, and to be able to prevent adverse developments, permanent 
monitoring of the system parameters is required. One of these parameters is river-bed granulometry, which 
can hint at morphological issues and sediment transport processes. 
 To assess the state of the granulometric composition of the river bed, the German Federal Waterways 
Engineering and Research Institute (BAW), in cooperation with the Federal Waterways and Shipping 
Administration (WSV), conducted a spatially high-resolution sediment sampling campaign in 2019, as a 
continuation to the long-standing sampling tradition in this section. The campaign was carried out between 
Iffezheim and Mainz (~159 km), using a diving bell ship to collect a total of 840 samples from two defined 
depths of 102 cross sections, with an average spacing of less than two kilometres. In this contribution, the 
results of this campaign are presented. By means of specific examples it is shown, how knowledge about 
major spatial and temporal changes in granulometric composition provides insights into the combined effects 
of current bed load nourishment practices and local waterway particularities.
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From ancient time, bridge played an important role in the development of a civilization. Being an important 
part of bridge design, the bridge pier needs special attention. In the design of a bridge pier, local scour is one 
of the prime factors that needs to be estimated accurately. Local scour can be affected by flow properties, 
fluid properties, and pier shape and dimensions. Numerous research work has been performed in the past to 
study the effects of different parameters and to accurately estimate the local scouring around the bridge 
piers. However, most of these studies are concentrated on local scour around a circular bridge pier over sand 
bed in steady flow conditions. Unsteady flow in the form of a flow hydrograph, even though being closer to 
the real field condition got very less attention. This study investigated the effect of pier shape on the local 
scour around the bridge pier over gravel bed under unsteady flow conditions. The pier shapes considered in 
this study were cylindrical and square. The flow was varied with time to produce a triangular shaped 
hydrograph. Time variation of the flow in the flume was controlled by a Programmable logic controller (PLC). 
Uniform gravel with a median diameter (d50) of 4.9 mm was placed in the flume as bed material. The results 
showed that the maximum scour depth around square pier was 1.3 times than that was around the circular 
pier. However, shape of the pier does not affect the extent of scour hole. 
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woody debris from the local landscape moving with water flow causes new problems and challenges to the 
safety of infrastructures like river bridges and coastal area structures. Woody debris trapped 
by the bridge pier forms a debris jam in front of the bridge pier, and the presence of debris jam enhances the 
pier scour and induces hydraulic head. Previous studies considered the debris jam as a stable and static 
structure that cannot represent the natural formation of debris in practice. This study thinks the debris jam 
is a dynamic and unstable process, and we consider the whole life-scale of debris jam including 
initiation, growth and failure stages through a longer timescale. The influences of dynamic debris jam on 
bridge pier scour and induced hydraulic head are focused, and the results show the dynamic debris jam has 
non-linear relation to scour depth and behaves much more complicatedly than static debris jam. In addition, 
a formula is derived to quantify the influence of the debris jam on debris induced hydraulic head. 
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Upstream migrating antidunes develop in streams under supercritical flow conditions. These bedforms are 
often organised in trains (i.e. sequences of well-developed antidunes). In shallow flows over coarse 
sediments, the dynamics of a single antidune can be significantly influenced by the surrounding bedforms. 
The drivers and behaviour of these interactions remain unclear. We conducted an experimental study to 
investigate the morphodynamics of antidune trains in narrow streams with a particular focus on mechanisms 
that could systematically influence bedform geometry as antidunes migrate upstream. The incipient 
antidunes near the flume outlet (which is a bed discontinuity) often exhibited migration periods notably 
longer than the typical value observed further upstream. Far from the boundaries, antidune sequences were 
mostly affected by transient downstream travelling disturbances and we did not observe any systematic 
change of antidune shape and dynamics along their migration path. Such insights into potential sources of 
non-uniformity are helpful for interpreting the differences between the outcomes of experimental and 
numerical simulations. 
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This paper investigates the flow hydrodynamics in the vicinity of a group of circular piers. As scour is known 
to be the major reason for bridge failure, finding a countermeasure that results in less turbulence and hence 
less scour is very essential. Replacing a huge single pier with a group arrangement of piers having smaller 
diameters will cause less obstruction to the flow, resulting in less turbulence in the vicinity. Experiments were 
performed with four circular piers arranged in a square shape for face-to-face gap G varying from D to 3D, 
where D is the pier diameter. Instantaneous velocity data are collected using Particle Image Velocimetry (PIV). 
In this study, turbulence was explained in terms of parameters such as mean velocities, turbulence intensities, 
and turbulent kinetic energy for different gaps between piers. Results obtained from the experimental data 
suggest that the total turbulence significantly reduces for G = 2D as compared to G = D. Piers start acting as 
individual pier in the range of gap between 2D and 3D. 
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Due to the geographical features of Taiwan, with steep slope and fast flow, river scouring and deposition are 
quite severe during flood peaks. In order to stabilize riverbed elevation, groundsill is a common feature as a 
protective structure on riverbed. While flow passes through the interface between groundsill and riverbed, 
local scour usually occurs downstream of the groundsill. Hence the need to place energy-dissipation 
structures downstream of the groundsills as a protective measure is also very common. Once damage occurs 
to this protective measure, the stability of the groundsill itself will be affected. As a consequence, the subject 
of downstream scouring at groundsill has been a major research topic in Taiwan. This study is aimed to 
compare downstream scouring between permeable and impermeable groundsill. Site investigations were 
first performed at the Dajia River Bridge and then flume experiments, with a scale of 1 to 100, were designed 
based on field data. This discussion is focused on the differences between permeable and impermeable 
groundsill. Field investigation showed that severe localized scouring occurs downstream of an impermeable 
groundsill, while deposition occurs downstream of a permeable groundsill. Laboratory experiments showed 
that for an impermeable groundsill, down cuts much deeper than that of a permeable groundsill. The main 
cause is that a portion of flow penetrates through the permeable groundsill and reduces the over-weir flow 
on top of the groundsill, thereby reducing the impact on the bed surface. Furthermore, increase in the 
penetrated volume allows for some of the vertical flow to flow laterally downstream due to a decrease in 
water height. The reduction of over-weir flow is correlated with porosity; a porosity of 0.27 (K≈1.25 cm/s) 
reduces flow by 7%, a porosity of 0.34 (K≈1.25 cm/s) reduces the flow by 20%. A greater porosity allows for a 
greater reduction in over-weir flow, thus decreasing the impact on the surface bed.
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Over 1,500 dams have been removed in the United States within the last 30 years, predominantly due to the 
economic constraints and as part of riverine restoration efforts. At the same time, the number of dam 
removals is expected to further increase in coming years owing to aging infrastructure and high rehabilitation 
costs. Coupled with the limited number of removals that has been closely monitored and documented, there 
is a need to develop innovative approaches that enhance our predictive and quantitative understanding of 
river response to dam removal. In this study, we developed a modeling framework to estimate reflectance-
based turbidity in rivers, which can be used as a proxy for understanding sediment transport processes. The 
accuracy and applicability of the framework were assessed when reconstructing the fluvial sediment pulses 
generated after the well-documented removal of two dams on the Elwha River in Washington, USA. We found 
that inclusion of physically based predictors helped in increasing both the framework’s accuracy and 
transferability. Three data splitting approaches (referred to as M1, M2, and M3) were considered based on 
model application and tested to reconstruct the sediment pulse following the dam removals. M1 was the 
most accurate during the testing phase (NSE: 0.67 RSR: 0.60), followed by M2 (NSE: 0.3 RSR: 0.8), and finally 
M3 (NSE: 0.1 RSR: 0.9). For the Elwha River dam removals, the three approaches were successful in simulating 
mean turbidity values, but under and over predicted peak and low values, respectively. Future work will 
incorporate a physics-based numerical model to complement the data-driven approach, all while accounting 
for the different sources of uncertainty during the intermediary steps of the integrated approach
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Abstract 
 
Morphological equilibrium of coastal areas may be adversely affected by the construction of dams across 
rivers for various purposes like water supply, irrigation, power generation etc. (Panda et al., 2011). Narmada 
river is the fifth-longest and the largest westward flowing river in India which drains into the Gulf of Khambhat 
of the Arabian Sea. Construction of  dams on this river and its tributaries might have reduced suspended 
sediment load, which in turn resulted in an increase in coastal erosion and deterioration of coastal marine 
ecosystems (Gupta and Chakrapani, 2005). The Sardar Sarovar Dam,  a major dam located in the lower 
Narmada River, was inaugurated in 2017. The Google Earth time-series images indicate that  the reservoir 
ponding activity had started in 1994 itself and  the Garudeshwar river monitoring station, located on the 
downstream of the Sardar Sarovar dam experienced a significant reduction in the sediment load from 1995. 
In this study, an attempt has been made to quantify the reduction in the amount of sediment supply to the 
coastal areas due to the construction of the Sardar Sarovar dam using a numerical model.  A watershed model 
has been developed using ArcSWAT for the Narmada watershed to represent conditions existing before the 
year 1995. The model was calibrated and validated using SWAT-CUP for the periods 1987 to 1991 and 1992 
to 1995, respectively. The model was then used to simulate average annual sediment load for the period 1995 
to 2005 for the Garudeshwar monitoring station. Model results are compared with the field data. These 
results indicate that there has been a significant reduction in the sediment load from 1992 and the condition 
deteriorated post-1995. Gupta and Chakrapani (2005) estimated that around 60-80% of sediment was 
trapped by the Sardar Sarovar Dam from 1996 – 1999. On the other hand, comprehensive numerical model 
simulations in this study show that the Sardar Sarover dam could be trapping as much as 90% of the incoming 
sediment. This quantification is essential to assess the impacts of the dams over the sediment movement and 
conduct the impact assessment for dams over the downstream areas, including morphological changes in 
coastal areas.  
 
References: 
1. Gupta, H., & Chakrapani, G. J. (2005). Temporal and spatial variations in water flow and sediment load 
in Narmada River Basin, India: natural and man-made factors. Environmental Geology, 48(4), 579-589. 
2. Panda, D. K., Kumar, A., & Mohanty, S. (2011). Recent trends in sediment load of the tropical 
(Peninsular) river basins of India. Global and Planetary Change, 75(3–4), 108–118.  
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The heavy rain in July 2018 caused serious flood damage in Hiroshima prefecture. Emergent vegetation in 
river brings water level rising which leads to flood. It is important to understand the hydrodynamic forces 
acting on emergent vegetation in rivers for preventing and mitigating the flood disaster. There are many 
research papers about the density and arrangement of vegetation, however, the research about the effects 
of a vegetation element on local flow has not been discussed enough. The objective of this study is to examine 
the characteristics of hydrodynamic forces acting on emergent cylinders focusing the flow changed by a 
cylinder in the group. 
 
In this study, we investigated the distribution of pressure around a cylinder in a group installed in a channel. 
We define the terms “undisturbed flow”/ “disturbed flow” as the flow without/with the target cylinder and 
“water surface disturbance” as the water level difference between the undisturbed and disturbed flows. By 
measuring disturbance, we found undisturbed flow differed depending on flow condition and effected the 
drag force acting on the target cylinder. 
 
Based on undisturbed flow, we proposed an evaluation method of the hydrodynamic force by clarifying the 
force being composed of four forces components, i.e., the buoyant force component in the streamwise 
direction, the base component drag force, the drag force component due to water surface deformation, and 
the drag force component exerted by the streamwise pressure gradient. We also applied the evaluation 
method to calculate water surface profile calculation for the validation.  
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The main objective of hydrological planning is to regulate and administrate, in a sustainable way, the 
management of water resources, simplifying in systems the territory and its elements related to water 
management, to satisfy the demands (outputs of the system) and adjusting to the water availability (inputs 
to the system). 
 
Hydrographic systems are composed, among their natural elements, of surface water bodies and 
groundwater bodies, which are sometimes directly related and connected. The geology of riverbeds, gives 
the rivers the characteristics of gaining or losing streams, according to their segments, depending on whether 
their relationship with the sub-stream and the water tables implies infiltration and recharge of the aquifer 
(losing stream) or on the contrary the river receives contributions from the water table (gaining stream). This 
behavior may vary along its path. 
 
Monitoring techniques using differential discharge gaugings, together with other studies, allow obtaining the 
necessary information to characterize the segments of a river, in terms of their behavior. This type of study 
also allows to verify that the measures embodied in the hydrological planning are met, and after its analysis, 
improve the review in the next planning cycle, thereby optimizing the management of water resources and 
improving numerical models. 
 
A region like Andalusia, in its Mediterranean basins, has a high vulnerabillty to climate change, especially with 
regard to the rainfall regime and the increase in temperature. Therefore it is necessary to improve the 
knowledge of the behavior of its rivers and their relations with aquifers, to optimize their management, both 
upstream in dam regulation operations and downstream in monitoring ecological flows. 
 
This paper shows the results of the differential discharge gauging methodology carried out for more than one 
hydrological year, making the balances by different sections of the channel, together with the previous works 
with drone images. The study is located on the lower course of Guadalfeo river, downstream the Rules 
regulation dam. 
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Mainly in the 20th century, many wing dams (spur dikes, groins) were built worldwide, primarily to improve 
the navigability of rivers. As the wing dams narrow the riverbed, the water depth increases. However, the 
accelerated flow increases bed erosion, which in turn causes the bed level to decrease. It is not clear how the 
two effects affect water levels, especially at high water, when the water flows over the wing dams. The study 
is further complicated by considering the added resistance and thus the slope change caused by such 
interventions, which also affects the sediment transport and water levels. The impact of wing dams on water 
levels has been studied mainly by trend analysis of measured time series. Trends have shown that the water 
levels of flood discharges are increasing in rivers with wing dams. However, it not clear when and with what 
properties the new equilibrium will be reached. 
In the present study, we used a schematic model for calculating bed change and flow in a 1D manner to 
analyze the Middle Mississippi River. We found that the installation causes a sudden substantial local erosion, 
causing a significant sediment surplus downstream. This phenomenon has a local effect on the bed level, 
which also can stimulate the backwater effect. The passage of the sediment wave can take centuries for 
Mississippi-scale rivers. Our model results show that until the new state is reached, the water level initially 
increases (following the trend analysis results), but later decreases.
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In this paper the effect of repelling groynes on hydrodynamics and morphodynamcis was investigated for 
three different submergence levels und controlled near-natural conditions. If forms part of a larger study in 
which attracting groynes and scaling effects are additionally studied. The experiments were carried out in the 
BOKU research channel in Vienna which is run with Danube water. The flow rate was Q = 5.2 m³/s, the Froude 
number was 0.29 and the Reynolds number was 10⁶. The bed material was composed of gravel with a mean 
diameter of dm = 47 mm. It mimics the coarser fractions of the Danube bed material near Vienna. The ratio 
water depth to groyne height H/h ranged from 1.47 (low) to 4.4 (high). Mean velocities and strength of the 
secondary currents were measured and analyzed. All groyne designs redirect high streamwise velocities away 
from the bank. This effect increases with decreasing submergence. All groyne designs induce a clockwise-
rotating motion in the groyne field which is strongest for H/h = 1.47. In contrast, the risk of scouring near the 
groyne tip is minimal for H/h = 4.4. While repelling groynes are mainly used to support bank stabilization, 
attracting groynes may serve the opposite purpose: to enhance bank erosion thus reducing the effects of river 
bed degradation and allowing morphodynamic processes. The research work continues to test attracting 
groynes at different relative submergence.
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The water stable isotopic compositions (δ18O and δ 2H) are excellent tracers of water resources and 
hydrological processes. The fraction of young water (Fyw) and mean transit time (MTT) estimated from water 
stable isotope profiles by sine-wave fitting is useful and reliable information for the catchment hydrology.  
Four water stable isotopes profiles were generated at 3 upstream tributaries and delta region on the Red 
River from 2003 to 2019. In combination with rainwater isotope data, Fyw and MTT for different tributaries 
and whole river system were calculated. Range of Fyw was 0.05 - 0.32 (Fig. 1) and of MTT was 0.4 - 3.5 years 
(Fig. 2). The values of Fyw and MTT are negatively and positively proportional to the change of hydropower 
reservoir volume. These two hydrological parameters are negatively correlated over time.  A decrease of Fyw 
(also, an increase of MTT) indicates an increase of water storage from the catchment in reservoirs. The strong 
variation of these catchment hydrological variables depicts the anthropogenic impact on the Red River 
system.
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43% of Ireland’s rivers have been designated as having ‘unsatisfactory’ water quality, and the proportion of 
high ecological status rivers in Ireland continues to decline (Environmental Protection Agency, 2021). Fine 
sediment is widely recognised as a primary pressure on water quality in Ireland (Environmental Protection 
Agency, 2019). Thus, the study of fine sediment transport in Irish catchments is important from a water quality 
perspective. In-situ sediment monitoring is an important component of sediment management, but there are 
limitations associated with the cost and spatial representation of this approach. Integrated hydrological and 
sediment transport modelling is an important tool for sediment management and can contribute to more 
spatially targeted measures for the protection and improvement of water quality at catchment scale. In this 
paper, HEC-HMS (USACE, 2021) and QSWAT+ (Dile, 2021) models are applied for continuous daily simulation 
of river discharge and sediment yield in the Owenabue catchment, County Cork, Ireland. Soil erosion in both 
HEC-HMS and QSWAT+ is estimated based on the Modified Universal Soil Loss Equation (MUSLE) (Williams, 
1975) generating sediment yield estimates at different temporal scales within these hydrologic models. 
The Owenabue catchment is relatively small in an Irish context, with a total catchment area of approximately 
117 km². A long-term monitoring station is located at Upper Ballea Bridge immediately upstream of the tidal 
intrusion limit. The station provides continuous records of river flow and turbidity-based suspended sediment 
(SS) data, allowing for modelled discharge and SS yield to be validated against observed data. The 2018-19 
and 2019-20 hydrologic years were selected for river flow model calibration and validation, respectively. The 
catchment model is composed of 69 sub-basins and 34 reaches. Sensitivity analysis was performed to identify 
the most sensitive model parameters. Ongoing work includes modelling of soil erosion and sediment 
transport in HEC-HMS in addition to application of QSWAT+ for the same purpose. Model results confirm that 
HEC-HMS is suitable for continuous hydrologic simulation in the Owenabue catchment, with ‘satisfactory’ to 
‘good’ model performance observed during both the calibration and validation periods based on different 
model performance evaluation criteria (Moriasi et al., 2015). The model calibration results were: R² = 0.79, 
NSE = 0.78 and PBIAS = -12.71%; model validation results were: R² = 0.84, NSE = 0.78 and PBIAS = -7.76%. The 
model showed some tendency to underpredict discharge during low flow conditions. Overall, the simulated 
river discharge was generally in agreement with the observed flow data at Upper Ballea Bridge and effectively 
captured many of the flow events during the simulation period (including high flow events). This has provided 
a reliable basis for simulating soil erosion and fine sediment transport in the catchment.
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The overall aim to analyze large rivers based on a common / standardized and replicable methodology has 
developed from the UNESCO IHP World’s Large Rivers Initiative’s (WLRI) vision to improve the knowledge on 
the status of large rivers, and to better understand developments, synergies and challenges in large river 
basins holistically. In a first step of a multi-level approach, conceptualized in the frame of the WLRI, three 
rivers as pilot rivers – Danube, Mekong and Niger – were studied, whereby this contribution focuses on an 
integrative assessment of the status of the Danube, Niger and Mekong rivers. By applying a common 
methodology of analysis to each of the rivers, for the first time, comparable analyses enable a uniform 
assessment of the respective river and its basin. It became clear that all three rivers are undergoing major 
changes with different focus. For the Danube, flood protection, navigation and hydropower have been 
developed for a long time. As a consequence, the sediment regime is totally disturbed with only 10 % of the 
river length to be in equilibrium, the rest shows erosion or sedimentation. The Niger river is very sensitive to 
changes in the flow regime. Discharge amount as observed before 1970’s has not been reached in 2001. 
Climate change impact seems to be apparent. At the Mekong the long-term seasonal discharge within the last 
75 showed an increase of dry discharge by 7% and a reduction of wet discharge by -11%. For all three rivers 
a significant reduction of the suspended load transported to the Delta and the Sea can be observed, however 
with different temporal and spatial extent. In the contribution also a need for improved monitoring in various 
topics is elaborated.
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Sediment flushing is currently performed to counteract the loss of storage of reservoirs due to siltation. In 
the central Italian Alps, several controlled sediment flushing operations (CSFOs) have been carried out in the 
last decade. These operations are characterized by the control of the suspended sediment concentration (SSC) 
in the downstream watercourse, achieved through flow regulation and sediment dislodging by mechanical 
equipment. The control is aimed to reducing the ecological impact of the significantly increased sediment 
load. 
In this study, we assessed the effects of a CSFO from a small Alpine hydropower reservoir (storage capacity 
of 1.2 Mm³; top of the active pool at 1,210 m amsl) at the mesohabitat scale. Specifically, we repeatedly 
sampled three different mesohabitats (one pool, one riffle, and one step-pool) in the final stretch of the 7.8 
km long stream subjected to the CSFO at the end of summer 2018. In each mesohabitat, we measured both 
the amount of deposited sediment and the related effects on the lower levels of the food web (periphyton 
and benthic macroinvertebrates), before and after the CSFO. 
The CSFO was carried out according to a consolidated protocol (i.e., two weeks of duration, and maximum 
permitted SSC of 4 g/L as average value over the whole operation). Evacuated sediment, predominantly silt, 
amounted to around 20,000 tons. 
As expected, after the investigated CSFO, sediment deposition was larger in the pool. Both periphyton and 
benthic macroinvertebrates were affected by the CSFO in all the investigated mesohabitats. The lowest 
contraction of benthic macroinvertebrate communities, in terms of density and richness, was observed in the 
riffle. Differences in the recovery trajectories between the three investigated mesohabitats were recorded up 
to two years after the CSFO. 
An improved knowledge about the ecological impact of CSFOs and the related recovery patterns is evidently 
required to support sediment management practices in regulated river systems, particularly in mountain 
catchments developed for hydropower.



Theme 2 

Snow, river and sediment 
management 
 
 

The dynamic river landscape through time: natural vs. regulated reaches of 
the Odra river 

Ms. Adriana Holušová1, Mr. Lukáš Vaverka1, Ms. Zuzana Poledniková1, Dr. Tomáš Galia1 

1University Of Ostrava, Ostrava, Czech Republic 

Theme 2: Snow, river and sediment management (13), Andalucía II, junio 24, 2022, 15:00 - 16:30 

The river landscape as a dynamic element is naturally in constant change. This dynamic aspect has often been 
restricted by human interventions. River regulations such as grade control structures, dams, or channelization 
affect river flow, morphology, sediment regime and calibre, vegetation cover involvement, or floodplain areas 
and its connectivity. The Odra River basin is one of the three main river basins in Czechia, where it originates 
and then flows through Poland and Germany to the Baltic Sea. Like many other large rivers, it has been heavily 
regulated over the past centuries. Flow regulation effects usually bring a less active river channel and can 
cause stagnation, aggradation, and more vegetation on river bars, on the one hand, and progressive erosion 
known as the hungry water effect, usually due to dam construction upstream, on the other. 
This research aims to analyze how the Odra River and its surrounding landscape have changed in the last few 
decades on the 50 km reach in the Czech part of the river. It focuses on the morphology of the river, land 
cover, and land use, within regulated and natural sections, to determine which has been more active during 
the studied years and what regulations induced these changes. It also aims to evaluate the current condition 
of the river reach and include it in the overall development of the river landscape. For spatial-temporal 
analysis, we are using archive and contemporary aerial photographs and orthophoto maps, while the current 
state is assessing with fieldwork measurements focusing mostly on channel morphology, gravel bars, 
sediment grain size and lithology, and vegetation cover. At present, preliminary results show an increase in 
vegetated floodplain areas, including gravel bars, within the last few years, probably due to a lower number 
or fewer major flood events during this time. We have also observed more active behaviour in the natural 
meandering section of the river reach, especially from years 2009 to 2012, which included the creation of 
oxbow lakes and shortening of the river channel.  
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Clean water is essentially needed for all people around the world. This paper focuses on the wickedness of 
water management issues with an aid of a pilot study. Soolikaoja (Linnaoja) is located in Lääne-Virumaa, 
Estonia. For the most part, Soolikaoja runs through the town of Rakvere, and serves as a recipient for several 
wastewater treatment plants as well as stormwater outlets. The stream is a 7.5 km long heavily modified 
waterbody in public use with catchment area 122.1 km2. The ecological status of Soolikaoja is bad according 
to the WFD due to high content of nutrients (nitrates) and eutrophication. Although Soolikaoja is one stream, 
it can be divided into three totally different ecosystems. The upper part of the stream receives water from 
nitrate-sensitive area with intensive agricultural production. There are several dams within the city creating 
extensive network of small lakes that are eutrophic due to the nitrate polluted groundwater. The middle part 
is canalized and flows through pipes. The lower part is an open water channel. Due to the connection with 
Selja River, there is a population of trout living there.  
The stream is located in Nitrate Sensitive Area and fed mainly by groundwater. 48.8% of the land use of the 
catchment area is related to agriculture. It was estimated that 69% of the nitrogen and 44% of the phosphorus 
load comes from anthropogenic non-point sources (including agriculture and the non-sewered population). 
Taming non-point source pollution in urban area is by itself a wicked issue and limited by non-existing 
possibilities for land use. In order to reduce nitrate concentrations in the surface water a pilot scale in-stream 
woodchip reactor was installed in June 2021. For this purpose, 7.5 m3 of wood chips packed in 40 liter bags 
were installed at the bottom of the canal (14 x 3 m) between two small dam lakes in Rakvere. The bags were 
attached to each other with cable ties so that the entire bottom of the channel was evenly covered. 
Reinforcing nets were placed on top of the bags to secure and immerse the wood chips, at the ends of which 
hollow blocks were placed as an additional weight. 
Preliminary results show that an average NO3-N removal rate varies between 39.5 and 84.0 gN m-3 d-1 and 
an average removal efficiency is between 32.7 and 68.0 %. The nitrate removal efficiency is strongly (Pearson's 
P = -0.74, p-value < 0.01) dependent on the dissolved oxygen concentration and is limited by photosynthesis 
and eutrophication. 
Using in-stream wood chip reactors create a new possibility for taming non-point source pollution, but have 
to be designed with special care in order to avoid harmful effect on the water ecosystem. 
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The scientific and non-scientific literature provides multiple strategic guidelines, hydro-morphological 
principles, and ecological objectives for river restoration. Strategic approaches consider socio-economic 
decision-making processes to satisfy as many stakeholders as possible (e.g., fisheries, nature conservation 
associations, farmers, insurance holders, and residents). From a hydro-morphodynamic point of view, 
restoration actions should be self-maintaining and dampen floods rather than worsen the situation. From an 
ecological perspective, river restoration should instate and support dynamically ecological functions, 
including creating physical habitat for as many key fish species as possible with the correct timing for each of 
their lifestages. The implementation of socio-economic, hydro-morphodynamic, and ecological objectives is 
a great challenge for planners because of the involvement of multidisciplinary expertise and limited budgets. 
In this process, state-of-the-art two-dimensional (2d) numerical models and nature-based engineering 
features are commonly used tools. This study uses a metaphoric house of Nature-based Solutions (NbS) as a 
workflow to systematically achieve multiple objectives as a science-based consensus method. The house-of-
NbS workflow starts with a framework of terraforming features, furnished by vegetation plantings, and wood 
features. The workflow maintenance involves interventions to sustain sediment dynamics, such as gravel 
augmentation to ensure the balance of the sediment budget of a river reach. The sequence of application of 
measures, the involvement of 2d numerical models, and technical aspects of nature-based restoration 
features are presented in this study based on an example of a Californian gravel-cobbled bed river.
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A potential of urban areas nowadays is much more threatened by hydrological events then this was the case 
before. Even more we are trying to adapt due to increased hydrometeorological risks. Combining existing 
natural potential of the areas with structures and solutions that already exists, considering social context of 
the area we are creating more sustainable living conditions and reducing the climate related risks. Green and 
blue infrastructure in urban areas is forming rather new concept along with grey infrastructure in managing 
urban hydrometeorological risks. Solutions base on nature or Natural Based Solutions (NBS) are one of the 
essential components in achieving goals of the Paris Agreement on Climate Change. Here we are highlighting 
one of their main components a reduction of hydro-meteorological risks in urban areas. This paper presents 
application of NBS on two coastal communities in France, along with implementation of the green, blue, and 
grey infrastructures to create flood friendly areas, ensuring people livelihoods in face of threats of hydro-
meteorological risks and incorporate the solution into existing water grid.  As a part of H2020 project 
RECONECT (http://www.reconect.eu) the two case study areas established monitoring for the different NBS 
indicators related to: water, people, and nature. The two communities - (i) Nice Eco-Vallée and (ii) Les 
Boucholeurs - are coastal areas located in Mediterranean and in West Atlantic coast that have a different 
approach in NBS implementation and by that they represent two NBS systems that are providing sustainable 
living conditions. 
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Built step-pool systems are promising to stabilize the bed in steep streams. Flume experiments have already 
been conducted to assess scour development and stability of such step-pool sequences. However, mainly 
stationary conditions were tested so far, which hardly represent the processes in steep streams. In this study, 
three distinct flow loading conditions (LC) were applied to the same step-pool sequence to determine 
potential differences in scour development and step stability. 
The 1:20 scaled physical experiments were conducted in a flume with a bed slope of 8%. The base material 
was selected according to typical Swiss mountain streams with dm = 0.005 m and d₉₀ = 0.0126 m (model 
scale). Six equally spaced steps were artificially placed into the channel bed. The steps consisted of two rows 
of blocks with a weight between 1.1 and 1.4 kg and a height of ~0.065 m each. First, a stationary hydraulic 
load was applied to the step-pool sequence for 80 min (LC A). The unit discharge was stepwise increased by 
Δq = 0.014 m²/s until the steps collapsed. Second, a series of hydrographs was applied to represent the 
processes occurring in steep streams more realistically (LC B). Similarly to LC A, the peak discharge of each 
hydrograph was increased by Δq = 0.014 m²/s until the steps collapsed. The total duration of the hydrographs 
was set to 54 min, the peak arrived after 13.5 min and lasted for 4.5 min. Due to the shorter peak duration 
and the descending limb of the hydrographs in LC B, differences in scour depth and stability were expected. 
LC C was identical to LC B, but a small stationary discharge was applied in between each hydrograph to 
simulate low flow periods occurring between major flood events. An increase in scour depth was expected in 
LC C, because the jet of low flows impinges more vertically on the channel bed. 
The step-pool system sustained a discharge of q = 0.110 m²/s for LC A and C, and q = 0.124 m²/s for LC B. 
Considering the uncertainties, the step-pool system failed at similar hydraulic loads independently of the LC 
applied. Major changes in channel bed appeared to occur within 5 to 10 min after the peak discharge was 
reached. Furthermore, all LC led to a similar scour depth. Even for periods of low flow in LC C, scour depths 
did not further increase at the toe of the steps. Consequently, applying either one of the LC appears to be 
reasonable to test step stability. However, all three LC were conducted under clear water conditions and the 
effect of sediment feed on the stability was neglected. Scour development of step-pool systems with 
sediment feed will be investigated in future experiments. 
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Climate change is producing an increase in air temperature, 5ºC in the Júcar river head in summer at the end 
of the 21st century under RCP8.5 scenario, which represents an increase in water temperature, 4 ºC in 
summer, and then a large number of fluvial ecosystems in Mediterranean rivers will be in risk. The increase 
in temperature affects to the river macroinvertebrates, the water content of oxygen and, especially, to the 
cold-water species, such as common trout, which can lose most of their potential habitat disappear in the 
Mediterranean rivers. 
 
Over the next few years, nature-based adaptation strategies for Mediterranean rivers have to be put in place, 
which compensate for the temperature increases due to climate change. 
River restoration with the generation of shadows in rivers reduces direct solar radiation on water bodies, so 
that it can reduce the temperature of river water. The use of a energy balance mathematical model on the 
river allows to quantify the effect of the degree of vegetation cover on the water temperature in the river. 
 
The daily model of energy balance in water developed includes the energy from solar radiation, both direct 
and diffuse radiation, the heat exchanges of water with the atmosphere, associated with the heat emission 
from air and water, relative air humidity and wind speed. The model obtains as a result the water 
temperature, which is compared with the observed data available in different control points of the Júcar river. 
The model has obtained very good fits both, river stretches and the water stored in reservoirs. 
 
Results show that changes in vegetation cover produce significant changes in water temperature, which may 
be higher than the temperature increase due to the climate change scenarios. An increase of 10% in the 
degree shadow cover in the river can reduce the temperature of the water by 1ºC. 
 
Results obtained in the case of the Júcar River indicate that the increase in vegetation cover can compensate 
for the temperature increases due to climate change, even being able to recover the habitat of the common 
trout in some sections where it has now disappeared. 
 
Water reservoirs regulation also have a very important role in water temperature in regulated rivers that can 
significantly affect the ecosystem. The water management of reservoirs including water temperature as a 
decision variable can produce a very important role in the temperature of the river water and the ecosystem 
preservation. 
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Large wood (LW) has an influence on river morphology and sediment dynamics. Protruding blocks might trap 
LW and allow the formation of local deposits and scour. Such blocks are used as macro-roughness elements 
in river engineering structures to protect against bed erosion. We conducted three series of flume 
experiments investigating the influence LW on the bed morphology and stability of a dynamic ramp. LW 
deposits formed around protruding blocks and persisted until these were fully submerged. The altered flow 
conditions downstream of the deposits influenced the erosion of the bed material. The effect was pronounced 
upon increased hydraulic loading, leading to a formation of persistent and distinct alternate bar features. The 
final stability of the structure was not compromised by the presence of LW.
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The hydrodynamics of a meandering channel fascinates researchers. It plays an important role in governing 
river morphodynamics, environmental management systems and streambed reclamation. The 
hydrodynamics of a meandering channel is associated with the instability of the mobile interface between 
the fluid and the erodible boundary. Ikeda et al. (1981) performed a stability analysis to examine the 
conditions for the lateral migration of a sinusoidal channel bend, considering the bank erosion. Later, 
Blondeaux and Seminara (1985) examined the behavior of a meandering channel to be identical to that of a 
linear oscillator that performs a resonance phenomenon for some key variables. The primary variables for the 
occurrence of resonance phenomenon were reported to be the meander wavenumber and the channel 
aspect ratio. Therefore, it is interesting to study that how the other relevant variables related to flow and 
sediment particles affect the instability of a meandering channel. In addition, in most of the previous studies, 
the instability of a meandering channel was primarily examined for a hydraulically rough flow regime. 
Therefore, little is known about the role of key flow variables towards the instability mechanism. 
 
In this study, the instability of weakly-curved meandering channels is presented. The depth-averaged flow 
continuity and momentum equations together with the Exner equation govern the physical system. The 
governing equations are then linearized, employing a regular expansion of the basic variables. The evolutions 
of resonance phenomenon with Shields parameter, channel aspect ratio, relative roughness and shear 
Reynolds number are studied. The variations of azimuthal velocity perturbation, bed topography 
perturbation, bend amplification rate and meander migration speed with meander wavenumber are analyzed 
for different characteristic variables. The mathematical analysis reveals that the channel instability in different 
flow regimes is primarily governed by the frictional resistance and the volumetric sediment transport rate. 
The variations of resonant wavenumber with Shields parameter, channel aspect ratio and relative roughness 
are also analyzed. 
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Originally implemented to gain cultivatable land and to protect from floods, river channelization has resulted 
to date in massive ecosystem deterioration, channel incision and often in severe flood risk. The situation 
aggravated due to deficits in the supply of sediment from the catchment, which became a limited resource 
as a consequence of hydropower plants and other transversal structures retaining sediment and hence 
disrupting the sediment connectivity.  
The removal of bank protections became a widely implemented measure to re-establish natural 
morphodynamics and the related riverine habitats, stabilize bed levels and to decelerate flow and attenuate 
flood peak discharges downstream. However, the space required by the restored river and the amount of 
sediment needed to build up the restored morphology remained unknown given the complex processes and 
interactions involved. In this context, especially the appearance of mid-channel bars and their interaction with 
bank erosion appear to play a central role.  
We introduce a model which considers the main processes of intra-event-scale bar-bank interactions, just as 
they were described in the conceptual model by Klösch et al. (2015). The model ensures mass and energy 
conservation between a cross section at the centre of the widening and adjacent cross sections. In the 
widening section, a mid-channel bar is represented by a plane elliptic bar top with a cosine-shaped margin, 
placed on top of an elliptic bar base which is linearly sloped in longitudinal direction. The bedload supply is 
defined by the transport capacity calculated in an independent cross section, which represents the 
channelized river upstream. Bank retreat and the related contribution of bank-derived gravel is controlled by 
a critical shear stress and an erodibility coefficient. The bedload output is determined by the transport in the 
widening section. At every time-step the resulting sediment balance is converted into an adjustment of bar 
morphology. Different geometric changes are applied to reconstruct the bar morphodynamics depending on: 
whether the bar is submerged or whether it diverts the flow into the surrounding branches; whether bank 
erosion occurred; and whether the sediment balance is negative or positive. As the bar grows, the shear 
stresses in the branches decrease and the width and accumulated sediment volume approach final values at 
a balanced budget, which may be used in the planning of river restoration measures. Moreover, effects of 
sediment retention in the river basin and of climate change on the morphodynamics may be tested. In a 
companion paper the model assumptions are verified with field data and the model is applied to a field site.
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Bedload transport drives river morphology evolution and influences its ecological value and the stability of 
hydraulic structures. The spatiotemporal variability of bedload transport in addition to high forces associated 
with major flood events make direct sampling of bedload transport very challenging. Recently, surrogate 
technologies have been developed to monitor bedload transport. In this research, we deal with passive 
acoustic monitoring of bedload self-generated noise (SGN) using a hydrophone deployed in the water. Several 
previous studies have correlated bedload flux to the bedload SGN. We will particularly consider the calibration 
curve obtained by Geay et al. (2020), relating the specific bedload flux to cross-section-averaged acoustic 
power. This calibration curve was fitted on a field dataset comprising 25 experiments of direct bedload 
sampling and acoustic measurements obtained in 14 different river reaches. We followed the same protocol 
and produced 14 additional experiments. The newly measured specific bedload fluxes range from 1 g/s/m up 
to 2000 g/s/m covering a new range of values not present in the calibration data set. The new data have 
confirmed the calibration curve.
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Fines sediments represent a significant issue in Alpine rivers since it can raise both physical and ecological 
impacts. Indeed, large sedimentation in reservoir affects hydropower dam efficiency; also clogging and 
deposits overs a gravel matrix reduce the habitat quality.  The objective of this work is to better understand 
fine sediment dynamics over gravel bars through laboratory experiments. Open-channel flows were 
investigated in an 18 m long and 2 m wide laboratory flume with an asymmetrical compound cross-section. 
The latter is composed of a rectangular Main Channel (MC) with hydraulically-smooth bed and sidewalls 
(made of glass) and one adjacent Flood Plain (FP, corresponding to a gravel bar) with a rough bed-surface 
(dense artificial grass simulating a meadow). At the flume entrance, a flow rate Q is injected in the MC larger 
than the capacity of the channel, resulting in a transverse flow from the MC to the FP. Two Q-values were 
tested (80 and 105 L/s) to change the magnitude of the FP water depth to MC water depth ratio (termed 
relative depth), i.e. the magnitude of overbank flow. First, water level profiles and flow structure (time-
averaged velocity, turbulence statistics, and large-scale Coherent Structures (CSs)) were studied for a clear 
water case. Water level was measured using ultrasonic sound probe and velocity fluctuations were measured 
using an acoustic Doppler Velocimeter with a side-looking probe. Characteristic length-scales (in the 
streamwise and spanwise directions) of the CSs were measured based on two-point velocity measurements 
using two ADV probes. Second, similar experiments were made with water loaded with fine sediments (40 
μm median diameter), the upstream concentration being close to 1.5 g/L, along with the transfer and deposits 
of fine sediments over the FP. The comparison of two test cases with same flow rate Q, one with clear water, 
the other with fine sediments, firstly enabled to assess the main factors controlling the transfer and deposits 
of fine sediments of: (i) the time-averaged transverse flow (from MC to FP); and (ii) quasi-two-dimensional 
CSs that form at the interfacial region between MC and FP.  The second aim of the study was to analyse the 
retroactive effects of sediment deposition on the hydrodynamics of overbank flows. We analysed in particular 
the effects of the deposits on the streamwise changes in water level, on the spanwise profiles of the time-
averaged velocity and turbulence statistics, and on the streamwise and spanwise length-scales of the CSs. The 
results show there is an interaction between fine sediment dynamics and flow characteristics. 
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Many shallow estuaries are dredged for navigational access to ports and harbours. Dredging alters the natural 
dynamics and morphology of estuaries, tending to create deep channels and high intertidal bars and shoals 
(van Dijk et al., 2020). Estuaries will face many challenges in the future including sea-level rise (SLR) which will 
influence both estuarine hydrodynamics and morphology. Whilst the effects of SLR have been studied 
through numerical modelling and have been inferred from empirical relations for natural estuaries, little is 
known about whether dredged systems will react differently to SLR compared to natural estuary systems. Our 
objective is to quantify effects of dredging, SLR and the combination on estuarine morphology.  
 
We performed scale experiments (at the Metronome facility) to indicate the proposed effects of SLR on 
estuarine morphology. The Metronome is a tilting tidal flume which specializes in creating movable-bed, 
sandy estuary systems. Previously, dredging was induced in the flume and the response of morphology 
compared well with real-world examples such as the Western Scheldt. In the current study, simulated SLR 
was induced in both a sandy natural (undredged) estuary and a dredged estuary in otherwise the same 
conditions. These were compared with control experiments without SLR to isolate the effects of SLR in both 
types of system.   
 
Overall, both maintenance and capital dredging volumes increase with SLR and dredging locations tend to 
shift upstream. The experiments indicate that channels under SLR tend towards a new equilibrium by 
changing their hypsometry (width and depth) in response to excess water. This has the overall effect of 
increasing channel mobility and channel migration speeds. In dredged systems, banks become unstable and 
collapse into channels which is compounded with rapid erosion of intertidal bars and shoals.   
 
Intertidal areas in non-dredged systems tend to maintain their elevation and extent under SLR, though their 
locations shift in the upstream direction.  In contrast, dredged systems typically show a decrease in total 
intertidal area, which means the loss of valuable intertidal habitat area and reduction of flood storage.  
 
In the long-term, dredged systems without SLR have an almost fixed morphology, such that the dredged 
channel persists even after dredging ends. But SLR overwhelms this fixation and remobilizes sediment, 
enhances channel meandering and migration and induces lateral expansion. If estuaries are constrained by 
dikes, bank protection or other flood measures, this excess energy, which is not all dissipated in meandering 
and migration, may have negative effects on infrastructure. In undredged systems, shallower channels have 
more space to deepen and widen, reducing the braiding index and providing more adaptation capacity. 
Infrastructure along urban dredged systems (e.g. flood protection measures, dikes) will be at higher risk under 
SLR than systems with floodplains and intertidal areas which have space to adapt.  
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The knowledge of the flux, grain size distribution and temporal and spatial distribution of suspended sand is 
of major importance for the sediment management of engineered alpine rivers. In these rivers, sediment is 
trapped in hydropower reservoirs, requiring regular dam flushes to maintain dam storage capacity. Measuring 
suspended sand concentration continuously remains an issue, since it is characterized by vertical and lateral 
gradients requiring frequent, spatially-distributed sampling. The classical approach, the solid sediment 
gauging based on water samples distributed on several verticals and depths throughout the water column, 
offers limited spatial and temporal resolution. The aim of study is to establish time series of sand flux and 
concentration by improving temporal resolution applying an acoustic multi-frequency method using acoustic 
attenuation and backscatter to measure indirectly the suspension. Based on the experience of Moore 2012 
and the USGS , the use of two frequencies allows the separation of the fine sediment fraction dominating the 
acoustic attenuation and the sand fraction dominating the backscatter. Correcting the signal intensity for 
transmission losses for each of the frequencies, the concentration and grain size of suspended sediment can 
be quantified by signal inversion. 
Compared to the Colorado where the first USGS stations have been operated, the sediment suspension in the 
Isère River in France is characterized by a bimodal distribution and a broader sand grain size distribution. 
Applying the bi-frequency method to this alpine River will certainly need an adapted method. Two monostatic 
Horizontal Acoustic Doppler Current Profilers (HADCPs) of 400 and 1000 kHz were installed at the long-term 
hydro-sedimentary station of Grenoble Campus. Frequent isokinetic samples made with US P-72 and US P-6 
samplers within the measuring volumes of the HADCPs are used to establish a relation between the acoustic 
backscatter signal and the suspended sediment concentration. Simultaneous solid sediment gaugings 
throughout the river cross-section were achieved using a Delft bottle and ADCP measurements to determine 
the total sediment flux. These results, together with the samples in the HADCP range, are used to establish 
the relation between the suspended sediment concentration in the HADCP measurement zone (or index 
concentration) and the cross-sectional average concentration. Conducting frequent sampling campaigns, a 
time series of suspended sediment concentration and flux at Grenoble Campus is determined. 
First results link suspended concentration of fine sediments and intensity of the acoustic signal. High 
concentrations of fine sediments during floods (up to 4 g/l), measured by turbidimetry, led to significant 
attenuation of the acoustic signal and a measurement range reduced to less than 5 m for the 1 MHz sensor. 
Observed heterogeneity along the acoustic beams relates to variation in grain size and concentration and 
requires cell-by-cell analysis based on local concentrations instead of a supposedly homogeneous average. 
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Heavy rainfall/snow events due to climate change can cause strong flooding, damaging existing infrastructure. 
The potential erosive action of runoff flow produces considerable local scouring at hydraulic structures, 
compromising their stability. This study is a synthesis of the research on scouring processes conducted by the 
hydraulic group of the Department of Civil, Environmental, Land, Building Engineering and Chemistry of the 
Polytechnic University of Bari (Italy).  
Results of a wide range of laboratory experiments performed on scouring around Grade-control structures 
(GCSs) in alluvial channels with noncohesive sediment beds were considered. In addition to a number of 
innovative scouring predictors achieved by the researcher group, i.e., the maximum scour depth and its 
location and the scour length, some results of the hydrodynamic flow structures in scour holes, obtained 
experimentally and numerically, are illustrated and discussed in this study. The high uncertainty in predicting 
scour characteristic lengths is due to the difficulty of considering all the physical parameters that can influence 
the scour development. It is strongly recommended to consider the flow turbulence properties in the design 
of GCSs. 
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As the channelization of rivers led to significant adverse impacts on ecosystems, caused channel incision and 
often increased flood risk, restoration became an often-taken counteraction in the course of the 20th century, 
with widening being a popular measure to allow for lateral erosion and therefore more natural-state 
morphodynamics. However, there is still a lack of tools for the planning of counter measures. 
In a companion paper, a tool was developed, which provides information on the established width after 
widening, the required amount of bedload to re-establish a more natural morphology, and the bedload 
supplied to downstream reaches. However, the tool remained untested to natural conditions. This paper 
deals with the verification of the model assumptions based on field data and shows the results of a first 
application at the Drava River, Austria.  
For this, spatial data of a mid-channel bar, recorded over the period of one year, is used to verify the assumed 
geometrical shape of a mid-channel bar in all three dimensions. Cross-sectional analyses were conducted to 
verify the approximation of the bar transect by a cosine-function; the validity of the elliptic plan shape was 
assessed by calculating the resulting width with given area, volume, height and aspect ratio using the model 
formulas. The validity of the overall three-dimensional shape in respect to various alternative geometrical 
forms was evaluated by hypsometric analyses. 
Then, the model was applied at the Drava River to the restoration site Kleblach-Lind, using spatial data 
surveyed seven times from May to October 2009, which provided the geometrical input parameters. 
Furthermore, Jet-Tests were conducted at the study site to derive the critical bank shear stress. Starting from 
an already existing mid-channel bar as initial condition, the model was tested whether it can reproduce the 
bar and bank evolution over the abovementioned period. The focus lied on a close fit in terms of widening 
and sediment consumption, but also on a realistic description of the sequencing of erosion and aggradation 
processes as a consequence of the flow. 
The analyses of the geometrical parameters indicate that the cosine function and the elliptic bar shape serve 
as a good approximation of the surveyed bar geometry. The model showed a high potential in serving as 
practical tool in the planning process of restoration measures, as it delivers a good estimation of required 
space and sediment of the reach in dynamic equilibrium based on a limited number of input variables. 
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Resistance to flow in the main channel of a river – that is, the combined forces that tend to oppose or retard 
fluid motion – is related to the cross-section shape, streambed texture (material size and gradation), riverbank 
irregularities and vegetative cover, horizontal curvature (meandering), and sediment-transport processes 
that extract energy from the mean flow. In streams with beds covered by gravel, cobbles, and boulders, 
impedance from friction produced by the coarse bed particles predominates. However, in alluvial rivers 
whose beds consist almost entirely of cohesionless shifting sand, flow resistance is also greatly influenced by 
drag forces caused by features known as bedforms created by the interaction of moving water with the 
bottom sediment. 
 
The overall bed geometry that exists in a sand-bed river – that is, the bed configuration – is composed of 
individual bedforms that can change with time in response to variations in flow conditions and random 
interactions between the sediment and the water. A wide range of configurations can develop in a stream as 
the bed material is fashioned into various shapes (ripples, dunes, antidunes, and bars) on scales that can be 
orders of magnitude larger than the grain sizes. As a result, the hydraulic roughness in sand-bed streams is a 
dynamic parameter that depends strongly on the flow (velocity and depth), the fluid (mass density and 
viscosity), and the bed sediment properties (particle size distribution, angularity, and mass density). 
 
The dynamics of bed configurations and the effect of the bedforms on river flow are among the most 
challenging aspects of fluvial hydraulics to quantify. The big unknown is the resistance coefficient. Two basic 
approaches have been used to account for the influence of bedforms on flow resistance. The first method 
divides the total resistance into the sum of two components: one related to impedance generated by the 
channel boundary without bedforms (grain resistance) and the other related to the opposing force produced 
by the bedforms (form resistance). The second tactic predicts the total resistance based on the overall flow 
and sediment parameters. 
 
The second approach is followed in this study. Nearly 900 onsite measurements of reach-averaged flow 
resistance in small to large sand-bed rivers are evaluated employing a neural network model. The assembled 
data exclude streams in which the average water depth was less than 0.3 meters, and the average topwidth 
less than 30 meters. The model predicts a discharge coefficient from the known values of unit flow rate (the 
total discharge divided by the cross-section topwidth), the median size of the bed sediment, and the water 
temperature; and an initial estimate of the average cross-section water depth, which is adjusted until reaching 
a balance between the known and calculated unit discharge. 
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In sediment suspension, the turbulence production in the near-bed flow zone lifts up the fine particles beyond 
the bedload layer, sustaining them in a suspension mode of transport. The settling tendency of a particle is 
principally balanced by the turbulent diffusion in order to achieve a dynamic equilibrium. The suspended load 
transport plays an effective role in governing the fluvial morphodynamics, because it remains the major 
fraction of the total sediment transport in a fluvial system. The suspended sediment concentration is usually 
determined with respect to a reference concentration, which prevails at a reference level. In general, the 
extent of the reference level is considered to be the extremity of the bedload layer, which is the source of the 
sediment particles to come in suspension. Rouse (1937) was the pioneer to put forward an analytical solution 
for the suspended sediment concentration in vertical with the aid of Fickian diffusion together with the 
logarithmic law of velocity. The major drawback of the Rouse equation is that the sediment concentration 
disappears at the free surface. After Rouse (1937), significant advances were made to derive enhanced 
versions of the distribution of suspended sediment concentration in vertical (Dey, 2014). 
 
In this study, the hydrodynamics of sediment suspension, including the mechanics and the turbulent structure 
of two-phase flow system is analyzed, considering the dynamic coupling among the sediment concentration, 
flow velocity and the two-phase flow energetics. The continuity, momentum and energy equations of fluid 
and solid phases are separately considered to obtain the generalized equations of the two-phase flow system. 
The system of equations is simultaneously solved by means of suitable closure relationships. The results reveal 
that the sediment concentration and the turbulent kinetic energy (TKE) reduce with an increase in Rouse 
number. In addition, the TKE flux, TKE diffusion rate and TKE production rate increase as the Rouse number 
increases, whereas the TKE dissipation rate reduces. The turbulence length scales show that the Prandtl’s 
mixing length reduces with an increase in Rouse number. By contrast, the Taylor microscale and the 
Kolmogorov length scale increase as the Rouse number increases. 
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Alternate bars are wave patterns, of which the crest and trough alternate between the banks of the river. 
They often appear in the rivers characterized by a significant sediment input and largely constrained by 
embankments. Their wavelengths are generally of the order of several river widths and heights scale with the 
order of water depth, but both differ depending on bar mobility. Forced alternate bars are non-migrating and 
formed due to distortion in the bank line geometry, such as a river bend or a bridge pier along the river cross-
section. After their formation in the river, they alter local water levels and sediment transport and induce side 
bank erosion. Predicting the geometrical features of forced alternate bars and understanding the change in 
those features due to discharge variability in the rivers are crucial for river managers to maintain rivers. In 
particular, it is difficult to know what is the formative discharge of such large scale bed-forms. 
 
To understand the dynamics of forced alternate gravel bars under unsteady flow, first, we developed a 
reference state of two forced alternate gravel bars with the water worked bed methodology in our 18-meter 
long and 0.7-meter wide inclined flume. Forced alternate bars were formed through sequential cycles of 
transport, erosion and sedimentation, which is a way to reproduce the surface and subsurface properties of 
gravel-bed rivers. Secondly, two types of experiments were performed on the reference state by launching a 
flood event (unsteady flow) with and without upstream sediment supply. In the first experiment, when the 
sediment was supplied continuously from upstream to maintain the bed slope, we found that the forced 
alternate bars disappeared at the peak of the flood event. But, they reemerged with different bar lengths 
during the fall of the flood event. In the case of no upstream sediment supply, the bed slope decreased due 
to global erosion of the bed, but eventually, similar behavior is observed in the bar lengths at the end.
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The Orinoco River has the third largest discharge in the world, with an annual mean flow of 37600 m3/s at 
the outlet to the Atlantic Ocean. The annual hydrological regime of the lower Orinoco at its main flow gauging 
station at Ciudad Bolivar in Venezuela is characterized by a unimodal regime where the rising waters begin in 
April, reaching its maximum streamflow in August. The sedimentological cycle in the hydrological station at 
Ciudad Bolivar is bimodal, marked by two TSS peaks respectively, before and after the maximum discharge 
peak. 
Since 2012 several field studies were carried out from the IMF/UCV and the IRD/GET (HYBAM Programme) to 
characterize hydrodynamics and sediment transport in different reaches of the Orinoco River. The studies 
were performed in low, medium, and high flow conditions. During this field campaign, Acoustic Doppler 
Velocity Profiling (ADCP) was used as well as water sampling for the measurement of TSS. The study was 
complemented by the analysis of remote sensing images, which demonstrated to be a time-efficient and 
accurate tool. 
This paper is focused on the analysis of the data about hydrodynamics and sediment transport in the reach, 
having an average width of 1 km, close to the city of Ciudad Bolivar, which is located approximately 350 km 
from the Orinoco mouth. The ADCP measurements gained a comprehensive characterization of the basic 
hydrodynamics parameters in that reach as well as their variation in different flow conditions during the 
hydrological year. During the field measurements, the flow discharge was in the range from 10000 to 65000 
m³/s. Large velocities up to 3 m/s were observed, while water depth was in the range from 25 to 36 m from 
low to high flow conditions. Drag coefficients and bed shear stresses were also estimated. In addition to that, 
in this study we developed a parallel analysis of sediment transport (in the study reach) using time series of 
satellite images and in situ data acquired, including an evaluation of the relationship between the ADCP signal 
and the TSS concentration (at depth) to calculate the hydro-sedimentary flows. 
At the end, this study is the first comprehensive analysis of hydrodynamics and sediment transport in the 
Orinoco River using a combination of field and remote data. 
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A process-based analysis of a new experimental dataset is carried out based on co-located 2C velocity, 
sediment concentration and sediment flux profile measurements obtained with an Acoustic Concentration 
and Velocity Profiler (ACVP).  The experiments were carried out in energetic open-channel flows using the 
LEGI tilting flume, with light-weight PMMA of two diameters dp=3mm (covering the range suspension 
numbers, given as the ratio of settling velocity ws and friction velocity Uf 0.8≤ws/Uf≤1.3 and Shields number 
0.35≤θ≤0.85,) and dp=1mm (0.4≤ws/Ut≤0.6 and 0.4<θ<1). Four sediment-load conditions are studied for a 
given hydraulic flow varying from clear water, 2 non-capacity to the full transport capacity conditions. Three 
hydraulic flow conditions are investigated for each particle diameter. All sediment-laden runs have one clear-
water run as reference, acquired before each sediment-laden run. This allows the analysis of the particle 
effects on a wide variety of hydrodynamic quantities. With the larger particle experiments (dp=3mm), it is 
shown that the bed-load layer has important impact on the turbulent boundary layer. The log-layer is found 
to prevail only from around the edge of the bed-load layer upwards. Inside this layer, turbulent momentum 
mixing is highly reduced, compared to the corresponding clear-water flow. It is seen that this change in flow 
structure should be taken into account in the turbulent mixing length model, affecting both the law of the 
wall and the Rouse formulation, for modelling velocity and concentration distribution, respectively. As result, 
a modified analytical solution that includes the bed-load effects for the concentration profile was derived. 
Concerning the experiments with dp=1mm, less pronounced effects of turbulent mixing length and eddy 
viscosity were observed. A parametrization of the depth-averaged ratio of sediment and momentum 
diffusivity β based on the present experimental results was proposed, allowing to extend the van Rijn (1984) 
model to a wider range of suspension numbers (0.1≤ ws/Ut ≤1.5). Finally, the differences in the flow structure 
in the sediment-laden with the two particle diameter is further illustrated through some terms in balance of 
turbulent kinetic energy and by coherent turbulent structures (specifically ejections and sweeps).  
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Nature conservation and landscape management need to know possible changes in a riverbed. The 
morphodynamics of alluvial rivers are adjusted by the mobilization of bed material. However, the details of 
mobilization of mixed-texture bed materials at low flows, which are becoming more common due to climate 
change, are still unclear. The hydrological impacts of global climate change have been described for the Drava 
watershed too. Climate change affects sediment transport indirectly through water flow, modifying physical, 
chemical and biological properties of the riverbed. 
Our research aims to map the morphological state of the River Drava in the Hungarian-Croatian section 
between the Mura confluence and Drávaszabolcs, where the upstream part of this reach is typically in a 
natural state, but the downstream part is heavily modified.  
This 161-km-long alluvial reach of the River Drava was surveyed in 2019. A monitoring campaign was launched 
to study channel morphology and bedload entrainment dynamics with regard to texture at cross sections on 
average 5.55 km apart. A sonar, an ADCP and a Helley-Smith bedload sampler were mounted on a double-
hull vessel for the surveying. 
The results of the survey was compared with the results of previous research and hystorical data, as well. 
To understand the mediated development processes, the survey was compared with historical data and 
examined the relationship between the official midline (from 2013) and the midline based on a sonar bed 
survey (from 2019). By comparing the midlines, the locations and direction of the typical bed movements of 
the last seven years were determined.  
The result of the research shows a sudden fining between river cross-sections of 170 km and 175 km from the 
mouth. The fraction of d60 was found to be finer than in 2003 and 2012 for the upstream stations of Botovo 
and Bélavár, and showed a good correspondence with the records of the Barcs and Drávaszabolcs stations. 
The temporal fining and higher entrainment rate may be due to (i) changing climate of the catchment, i.e. 
diminishing flow between the monitoring dates (2003, 2012 and 2019); (ii) reduced armouring, (iii) variability 
of cross-sectional position of sampling points and (iv) the different mesh size of the employed bedload 
samplers.  
This research can be a basis for predicting future expected changes. Our reach-scale results may be relevant 
for the alluvial sections of other alpine and subalpine, partially channelized rivers of similar size, flow dynamics 
and mixed bedload. 
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Wildfires are responsible for feeding ash to watercourses that are downstream of the burned area. The 
presence of riparian vegetation promotes the retention of ash from wildfires during the first rainfalls. Thus, 
the study of the transport of wildfire ash suspended in flows in rivers with vegetation is relevant for the 
management of watersheds and the conservation of biodiversity. In this scope, the present study focuses on 
the vertical profiles and turbulence intensities in the free region of a flow with suspended ashes in a partially 
vegetated channel. An experimental campaign was carried out in the Laboratory of Fluvial Hydraulics and 
Structures of Universidade da Beira Interior. The emergent vegetation stems were inserted on the right side 
of the channel in an extension of 6.00 m long and 0.30 m wide. The matrix was made with rigid cylinder tubes 
with two areal number densities, 500 stems/m2 and 1034 stems/m2, in a staggered array. The ashes adopted 
has a specific gravity of both the whole ash (Gs=2.64) and its fine fraction (Gs=2.54). The present work allows 
to conclude that: the streamwise velocities are higher at the interface for the sparser matrix and, moving 
away from the vegetation, the differences between the two vegetation areal number densities becomes 
increasingly smaller, existing an intermediate region where both areal number densities’ velocities overlap, 
and, in the outermost region of the channel, velocities are higher for the denser matrix; the spanwise 
velocities present similar behavior for both matrices;  the turbulent intensity is not affected by matrix areal 
number density.
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A quasi-three-dimensional model based on the combination of the lattice Boltzmann method and the finite 
difference method was developed to study morphological processes, based on an equilibrium approach to 
sediment transport. In this model, the three-dimensional velocity field is obtained by calculating the two 
horizontal components of the velocity integrated on the vertical using the Lattice Boltzmann method, and 
then combined with a logarithmic velocity profile. The transport of sediment particles considered is composed 
of a bed load (Van Rijn 1987) and a suspended load transport rate. The latter is obtained by calculating the 
equilibrium flow rate of suspended sediments from equilibrium concentrations and logarithmic velocities. 
The rate of change of the bottom is subsequently obtained from the finite difference resolution of the 
sediment mass conservation equation. A good agreement with the results of Van Rijn (Van Rijn 1987) was 
obtained when applying the model to a channel of a constant with and a horizontal bed, and partially closed 
by a dam.
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The Usumacinta river has the largest flow rate in México, average 3100 m3/s at its mouth. Previous studies 
have shown that a large part of the suspended sediments at Chichicastle  station located in the Usumacinta 
river 25 km upstream the confluence with Grijalva river and at los Idolos station in the Grijalva river upstream 
their confluence, are fines prone to flocculate (Izquierdo et al. 2021).  In order to verify the suspended 
sediments transport  a sampling campaign was developed during the years 2016 and 2017. The suspended 
sediment samples were analyzed by optical methods, Particle tracking Velocimetry(PTV)  in a rotating annular 
flume able to perform large duration experiments in order to obtain a steady flocculation state and in a glass 
column using Digital Holography. The main parameter needed to validate a settling velocity model for the 
aggregates is the fractal dimension (F), that depends not only on aggregates sizes and density but also on 
hydrodynamic conditions. The experiments consisted to feed the rotating annular flume with sediments of 
each river and visualize the floc formation during experiments of more than two hours duration. The constant 
shear rate was controlled by the rotation speed of the flume and fixed according to the average shear rate of 
the rivers measured in the field. Each five minutes images of the flocs were taken with CCD cameras in a flume 
section of the channel illuminated by a laser sheet and analyzed with a PTV software in order to obtain the 
sizes of the aggregates (D) . when the sizes obtained a value that didn´t change with time, the experiment 
stopped.  Samples of the aggregates formed were then introduced in a 1.3 m high glass settling column where 
at a distance enough to attain the terminal velocity the settling velocity of aggregates was measured. High 
resolution holograms of the flocs were also obtained and by means of the box counting method the fractal 
dimension of the aggregates was obtained. Results show that depending on the season where the sampling 
was taken (low flow or high flow) and the river shear rate, the relationship D vs. F varied considerably. It was 
concluded that higher  turbulence in the Usumacinta river than in the Grijalva river affected the size of 
aggregates and its fractal dimension. 
Key words: suspended sediments, fractal dimension, PTV, Holography, Usumacinta river. 
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The infiltration and accumulation of fine sediments in gravel bed rivers leads to a reduction of the existing 
pore space and may lead in worst case to a complete clogging of the river bed. To understand the highly 
dynamic process of sediment infiltration, measurements with high temporal and spatial resolution are 
required. Within this study, the development of sediment accumulations in an artificial river bed is 
investigated to gain further understanding on the  process of colmation. The artificial river bed, implemented 
in a research flume, is made of 0.040 m and 0.026 m spheres in different packing arrangements. Three 
sediment mixtures, with different grain size distributions, are supplied to observe the dynamic infiltration 
process, and to get information on the distribution over depth. In addition, supply rates (1.4kg/min and 
3.7kg/min) and supplied masses (10kg and 20kg) are varied. 
 
To observe the dynamic development of sediment accumulation, the gamma ray attenuation method is used, 
which provides the opportunity of non-intrusive and undisturbed continuous measurements during the 
experiments at a certain position (1-point measurements). Additionally, the accumulated sediment masses 
are obtained right after the supply of sediments and 28 minutes later, with a high vertical resolution to detect 
changes as results of consolidation within the pores. 
 
From the measured amount of infiltrated sediments can be seen that the accumulated sediment mass is 
strongly particle size dependent. The measurements of the fine sediment mixture show that the filling started 
from the bottom until the accumulation reach the surface of the artificial river bed. The experiments with the 
coarse sediment mixture resulted in a clogging layer in the upper section of the river bed and subsequently 
less sediments reached the flume bed. The 1-point dynamic measurements show that a higher supply rate 
leads to an earlier start of the infiltration and a rapid filling, while lower supply rate resulted in a later 
infiltration and slow filling process. The feeding mass itself has no considerable effect on the infiltration 
behavior of the current setup, as once the pores are filled no additional particles penetrate the bed. 
Measurements right after the sediment supply period and 28 minutes later show that dynamic changes 
happen mainly in the upper layers due to washing of surface sediments by the flow, and only to a smaller 
extent by further settlements due to solidification within the pores. Especially higher supply rates result in 
higher depositions in the upper layer and even on the surface. 
 
The within this paper presented method proved to be suitable to investigate the dynamic development of 
sediment accumulations in an artificial river bed. Due to the use of different sediment mixtures, and different 
supply conditions, future insight on the process of fine sediment infiltration could be gained.  



Theme 2 

Snow, river and sediment 
management 
 
 

Interactive effects of damming, forest loss and climate change on the Baleh 
River, Malaysian Borneo 

Ms. Xin Yi Chong1, Ms. Xin Yi Lum1, Prof.  Ramon J. Batalla2, Dr. Damia Vericat2, Dr. Fang Yenn Teo1, Ms. Karen 
Suan Ping Lee3, Prof. Christopher Gibbins1 

1University Of Nottingham Malaysia, Semenyih, Malaysia, 2University of Lleida, Lleida, Spain, 3Sarawak Energy Berhad, 
Kuching, Malaysia 

Theme 2: Snow, river and sediment management (4), Andalucía III, junio 21, 2022, 15:00 - 16:30 

Tropical rivers face multiple interacting pressures, as a result of climate change, loss of forest cover, and 
increasing number of new dams. These pressures threaten the physical and ecological integrity of tropical 
rivers, as well as the livelihoods of local communities who rely on them directly for ecosystem services. This 
paper combines empirical and modelling studies to assess long-term changes in the hydrological regime of a 
large tropical river and assess the impacts of landcover change, climate change, and damming on water and 
sediment yields. We developed a new tool (HyFFlow) to characterise the river’s flow regime in geomorphically 
and ecologically meaningful ways. HyFFlow analyses indicated that the flow regime is characterised by distinct 
types of high flow event (defined by duration, magnitude and rates of rise and fall), with seasonal patterns to 
the timing of some but not all of these types. Despite some changes in rainfall and temperature, there have 
been no major changes in the flow regime over the last 50 years. However, flow magnitude has subtly reduced 
over time, with a shift to a ‘lower flow’ regime. Analyses of catchment landcover data indicate only very 
limited forest loss over the last 20 years (<2%). Simulations using the Soil and Water Assessment Tool (SWAT) 
suggest that greater rates of clearance than observed historically may not lead to major changes in runoff, 
but that flows could reduce significantly (20-50%) in coming decades if predictions for climate change hold 
true. However, sediment yield appears highly sensitive to land cover change, with annual sediment yield 
predicted to increase by 322% by 2050 if annual rates of forest loss increase to 2%. A new dam is predicted 
to trap more than 95% of the fine sediment carried by the river, reducing loads immediately downstream. 
While this will counteract some of the effects of landcover change on fine sediment loads in the short section 
of river downstream from the dam, model simulations suggest that sediment yield at the catchment outlet 
will change little compared to historic levels. Assessment using the SedInConnect model indicates that 
construction of a dam, access road, and the associated increase in illicit forest clearance as a result of newly 
accessible areas will alter the degree of connectivity between sediment source areas and the catchment 
outlet. The work illustrates the complex interactions between climate, landcover and damming, and the 
challenges of maintaining the integrity of tropical catchments in the face of multiple pressures. Together, the 
HyFFlow analyses and SWAT help provide recommendations for an operational regime for the dam and 
catchment management to help limit changes to the river’s flow regime and sediment loads.
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Accurate assessment of suspended sediment load (SSL) in rivers plays a vital role in the planning and 
management of water resource structures. This study focused on the assessment of different techniques for 
the estimation of SSL in rivers. This comprises sediment rating curves (SRC) and soft computing techniques 
such as artificial neural networks (ANN), hybrid wavelet-coupled artificial neural networks (WANN), and local 
linear regression (LLR) models. These techniques were employed to estimate the daily SSL at Azad Pattan 
station of the Jhelum River in Pakistan. Further, the Gamma and M-test were performed to select the best-
input variables and appropriate data length for smooth model development. By evaluating the outcomes of 
all the leading models, it can be concluded that the performance of soft computing models is superior to the 
SRC approach for the SSL estimation. This is because the soft computing models employed a non-linear 
approach for the data reconstruction. Additionally, the WANN was the most precise model to predict the SSL. 
Thus, WANN models are a powerful technique to reconstruct the SSL time series because they reveal the 
salient characteristics enclosed in the SSL time series.
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Dams and impoundments constructed in rivers have produced changes in the rivers’ hydrological and 
sediment records in rivers. The flow regulation has led to a reduction in the supply of sediments downstream, 
impacting on the river ecology, producing habitat fragmentation and the reduction in biodiversity. 
Meanwhile, upstream from the dam, the accumulation of sediments produces a reduction in the storage 
capacity of the reservoir, but downstream from the dam, there is a lack of sediments that causes bed erosion, 
a reduction in morphology diversity and a loss of connectivity with different nearby areas, especially in 
drought periods. Water discharges from dams are artificially induced in order to contribute to the 
sustainability of the rivers. Sediment replenishment during flushing floods it a technique that has been used 
to recreate natural sediment transport using the supply of sediments that have been retained upstream the 
dam and, thus, are lacking in the river reaches. Therefore, sediment replenishment enhance the sediment 
supply to the rivers’ catchment areas, counteracting the negative impact of the presence of dams. In this 
study, sediment replenishment discharges have been compared to their non-sediment replenishment 
counterparts through the use of hysteretic loops. The use of normalized hysteresis loops to further the 
knowledge of sediment transport has been used in different studies, helping to determine the sediment 
sources and pathways during the discharge between different watersheds. In the current study, the hysteretic 
loops between the suspended sediment concentration and the water discharge present low normalized 
hysteresis indices, close to zero, when compared to the discharges carried out without sediment 
replenishment. Therefore, sediment replenishment strategies produce a balanced sediment transport which 
contrasts with the without-sediment-replenishment cases. Normalized hysteresis indices varied between the 
different particle sizes studied and for the same water discharge. This result indicates that different types of 
particles are transported differently despite being in the same water discharge. Furthermore, both the 
transport and the sedimentation rate of particles during the discharge was greater for the sediment 
replenishment cases than for the non-sediment-replenishment cases. All in all, sediment replenishment 
combined with artificial water discharges provides a management strategy that succeeds in a more balanced 
sediment transport, (compared to non-sediment replenishment water discharges), and that could be used as 
a river restoration practice. 
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Suspended sediment, one of the crucial physical factors occurring in natural rivers, changes the river 
morphology, and has an enormous influence on water quality management. However, the measurement data 
of suspended sediment is insufficient since the measurement of the Suspended Sediment Concentration (SSC) 
mainly depends on the direct measurement method using a conventional sampler, which requires a lot of 
cost and manpower. Thus, in this study, a hyperspectral image-based SSC estimation model was developed 
through a UAV-based hyperspectral measurement system to perform a remote measurement that overcomes 
the limitations of the existing point-based measurement. In the previous studies, most remote sensing-based 
empirical models for estimation of SSC were site-specific since the effect of the sediment properties such as 
grain size and types of minerals were not considered. Therefore, in order to develop a global SSC estimation 
model that takes into account these effects, an intrinsic hyperspectral dataset of SSC for each sediment 
characteristic was constructed through a laboratory experiment and a field-scale experiment. 
Besides, the optimal spectral bands for SSC estimation were selected according to the characteristics of 
suspended sediment by using Optimal Band Ratio Analysis (OBRA) and Recursive Feature Elimination (RFE), a 
feature selection algorithm based on machine learning. Finally, SSC measurement models were developed by 
training a Support Vector Regression (SVR) with the selected optimal spectral band. The performances of the 
developed SSC estimation models were assessed according to sediment properties at the Hwang river in South 
Korea. The results showed that consideration of sediment types and grain size in developing a remote sensed 
SSC estimation model from hyperspectral imagery would show better performance than previous models 
with more accurate estimations of SSC in rivers. 
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In this study the turbulence of the flow in the vicinity of a lateral water diversion was experimentally 
investigated under two different set-ups, namely, without submerged vanes (NV) and in the presence of a 
vane field (VF). The water discharge ratio of ≈0.2 was imposed under live bed flow conditions with 0.266 
kg/min sediment feeding rate and the experiments were conducted until the bed equilibrium was reached. 
3D velocity measurements were made at more than 5000 points per set-up, through ADV, working with a 
sampling frequency of 100 Hz. Turbulence intensity and Reynolds shear-stresses were derived from the 
measurements and discussed. They were concluded to be in excellent agreement with the average mean 
velocity field presented and discussed in a previous paper. The results also shed light on the mechanisms that 
explain the decrease of diverted sediment load in the presence of a vane field placed in the main channel in 
front of the diversion entrance. 
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In Haiti, it is difficult to monitor the morphological evolution of rivers because of a lack of regularly updated 
topographic data. Due to a lack of economic means, the latest topographic data available for the entire 
country dates back to 2016, based on data acquired in 2014 thanks to a financial support from the World 
Bank. However, considering the extreme climatic events occurring in the country, erosion of the bed and 
banks as well as excessive sediment deposition are often observed in some rivers with the consequence that 
official topographic data rapidly become out of date.  
In order to propose a fast and easily deployable solution for updating bathymetric data and monitoring 
morphological changes, the UAV-based photogrammetry (Unmanned Aerial Vehicle) was used on a section 
of the Rouyonne River (Leogane) and on a complex site of the L’Acul River (Dubreuil). A bathymetric survey 
was carried out manually with a differential GPS (DGPS), which was used as reference data, for the comparison 
with (1) the results obtained from the UAV-based photogrammetry technique using the MetaShape software, 
and (2) the official data. These comparisons aim at assessing the quality of the photogrammetric technique 
and to highlight the significant modification of the Rouyonne river between 2014 and 2020. 
The results obtained from the MetaShape software are very promising. In terms of elevation accuracy, the 
digital terrain model (DTM) obtained from the UAV-based photogrammetry over all sampled cross sections 
shows a mean square error (MSE) between 5 to 20 cm when compared to the manual survey. In terms of 
resolution, at Leogane (Rouyonne River) the pixel size on the obtained orthophoto is 4.5 cm × 4.5 cm, which 
gives a better visualization than the official orthophoto (0.5 m × 0.5 m) of the National Center for GeoSpatial 
Information (CNIGS) in Haiti. At the Dubreuil site (L'Acul River), the RMSE for the cross-section of the dam is 
0.062 m for the MetaShape DTM, and 0.260 m between the CNIGS and DGPS data. For the longitudinal profile, 
drone photogrammetry better represents this situation with an RMSE of 0.058 m against 1.74 meters for the 
CNIGS DTM that does not include recent morphological changes.  
Faster to obtain, easier to update, less expensive and with a better resolution than the official data currently 
available in Haiti, UAV-based photogrammetry is a promising tool to be promoted for monitoring the 
morphological evolution of rivers. 
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Monitoring system is essential for improving the understanding of scour processes next to structures built in 
the riverine environment. State-of-the-art review shows a lack of field scour measurements due to expensive 
specialized equipment, time-consuming surveys, and difficulties in data acquirement during floods. However, 
the development of remote sensing over the last 40 years has led to availability of high-quality geospatial 
data that can be used to obtain accurate 3D physical characteristics data in riverine environment. In bridge 
construction, it is common practice to place riprap erosion protection above the natural riverbed. While 
numerous studies focus on scour around bridge piers, very few of them explore the effect of riprap protection 
on downstream riverbed morphology. Recent studies show that such riprap protection significantly alters 
flow conditions compared to natural conditions and consequently deflects the scour hole downstream of the 
bridge. Therefore, the placement of monitoring instruments must be relocated downstream, eliminating 
solutions that are fixed on the bridge pier. This paper outlines the ScourBuoy innovative prototype for real-
time scour monitoring, developed as a part of the R3PEAT project “Remote Real-time Riprap Protection 
Erosion AssessmenT on large rivers”, which investigates scour processes next to riprap protection. ScourBuoy 
is an adaptable floating system that can be anchored above the scour hole. It is equipped with an echo 
sounder, low-cost multi-GNSS dual-frequency device, compass, and motion sensor which collect depth, 
temperature, pitch and roll data, as well as absolute 3D positioned orientation. All sensors and devices of the 
system are integrated into a buoy which was built using a stainless-steel tube and waterproof housing. For 
the reasons above, Scour Buoy provides a real-time scour monitoring alternative for measurements and 
research at the specific locations affected by scour. 
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Flash flooding is one of the most devastating natural hazards in the world, worsened by climate change and 
urbanization. As evidenced from some of the recorded footages of recent catastrophic flash flood events, 
floating debris may block bridges, damage structures, alter flood pathways and exaggerate impact. However, 
limited study has been conducted on understanding and modelling the dynamics of floating debris and their 
impact on flooding processes at a large spatial scale. 
 
 In this work, a new fully coupled modelling approach is developed for simulating debris transport initiated 
and driven by flash floods, based on a finite volume shock-capturing hydrodynamic model solving the 2D 
shallow water equations (SWEs) and a 3D discrete element model (DEM). The proposed two-way coupling 
approach estimates the hydrostatic and dynamic forces acting on floating objects using the high-resolution 
water depth and velocity predicted by the hydrodynamic model; the corresponding counter forces on the 
fluid are then taken into account by adding extra source terms in the governing equations of the 
hydrodynamic model. The proposed modelling strategy overcomes the limitation of most existing approaches 
that rely on calibrated empirical parameters to estimate forces. The DEM model is further incorporated with 
a multi-sphere method (MSM) to better represent actual shape of floating objects, such as vehicles or trash 
bins. The new coupled model is computationally accelerated by implementation on modern GPUs to achieve 
high-performance computing.  
 
The numerical model is first validated against a dam-break flume experiment in which the debris transport is 
interacted by two fixed obstacles. The movements of three floating objects in both horizontal and vertical 
directions are investigated. The numerical results, in terms of water depth and floating object displacements, 
compare well with the experimental observations. The coupled model is then applied to reproduce the 
interactive transport process of floating vehicles during the flash flood in Boscastle, UK, in 2004. During the 
event, 116 vehicles were washed away and blocked two bridges downstream, causing the river to surge out 
of the bank and flow onto surrounding streets in the town. The current model well predicts the flood paths 
and transport and final locations of floating vehicles. Successful reproduction of the Boscastle event 
demonstrate that the proposed coupled model provides a robust and innovative approach for simulating 
large-scale flash flooding processes, including debris transport.
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Climate change is likely to impact the seasonality of precipitation and flows in Mediterranean mountain 
catchments. This will lead to increasing rainfall intensity, and runoff magnitude frequency, even in arid areas 
particularly the Moroccan High Atlas, where extreme flood events are still difficult to predict, as this type of 
data is rare to be collected in a short time step. Flash floods are generally poorly observed hydrological 
extremes in regions where gauging stations are sparse and unevenly spatially distributed, and characterized 
by high interannual precipitation variability. Considering the important influence of the uncertainties of the 
calibration parameters of the hydrological models; this makes predicting and understanding their seasonal 
behavior so difficult, like in our case in the Zat and Ghdat watersheds. The High Atlas mountainous watersheds 
are characterized by a very significant seasonal contrast, with dry and hot summers, with infrequent flash 
flood events, followed by stormy autumns causing extreme flooding, then mixed winters precipitation as 
liquid rainfall downstream and snow upstream with a moderately stable runoff, followed by the spring where 
snowmelt represents a large proportion of streamflow in the study area during the spring. In this part of the 
year flooding as river flow is higher and more regular.  
The goal of this study is to understand the behavior of the Zat and Ghdat watersheds and the seasonality of 
runoff and precipitation while considering the uncertainty of the used model. The analysis has been 
developed using instantaneous rainfall and runoff data at 10 minutes time scale, from the 2 measuring 
stations located downstream of the two watersheds (Sidi Rahal and Taferiat) respectively during the period 
from 01/09/2011 to 31/08/2018. More than 100 episodes were simulated and calibrated on HEC-HMS 
software®. Then a remote sensing approach was elaborated to quantify the snowfall seasonal contribution to 
flooding. However, to analyze the uncertainty of the calibration parameters we applied the Probability 
Distribution Function and the Monte Carlo simulations to analyze the Curve Number and the Time of 
Concentration uncertainty. The results showed that observed and simulated hydrographs were highly 
correlated for both basins. Moreover, the model’s performance was evaluated by a Nash coefficient ranging 
from 61. 9% to 90% for the calibration part. The results showed also that the runoff flooding parameters 
uncertainties are due to the snowmelt process. 
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Mountainous semi-arid basins are characterized by the snow cycle influence on water resources, runoff and 
their effects on soil erosion and fluvial processes. Future climate projections are expected to show drastic 
changes in meteorological conditions at these areas such as increasing temperature and intensity of 
precipitation events and longer droughts periods, which would lead to important changes on snow dynamics. 
This work analyzes the effect of different climatic scenarios on hydro-meteorological drivers and, 
subsequently, on runoff, erosion and fluvial processes in a semi-arid high mountain basin, the Guadalfeo river 
basin, southern Spain. Two different climate change scenarios (RCP 4.5 & 8.5) have been considered to 
evaluate the variability and uncertainty of hydrological and erosive responses by the end of the century. 
Projections of precipitation, temperature and sun radiation from different global climate models (GCM) have 
been spatially regionalized to attend to the local statistical behavior of the mountainous environment and to 
the nonstationary character of climate forcings (Cobos et al. 2021). A distributed and physically-based 
hydrological model —configured, calibrated and validated in the study area after more than 20 years of 
monitoring works— was used to reproduce in detail the hydrological processes in this watershed and their 
effects on erosion by raindrop impact, and rill processes for the different regionalized climatic scenarios. 
Results show that climate projections produce a noticeable change in the magnitude of runoff (about 30 - 60 
%) as well as important time lags. This causes an increase of the peak flow and sediment transport by 
suspended and bed load. An exacerbation of raindrop impact and rill erosion processes associated with 
extreme events was also observed (close to 5%), also increased by the lessen of snow coverage (which could 
reach 85 %). On the other hand, for some GCM a lower amount of soil loss is predicted due to the decrease 
in the total annual amount of precipitation (between 100-200 mm less than actual annual precipitation 
values). In the conference, the expected sediment balance and its repercussion on the reservoir siltation 
downstream will be presented.  
REFERENCES 
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Glaciers are valuable witnesses of climate variations. Its study becomes a useful tool to measure the meaning 
and magnitude of climate change and, in the specific case of the Pyrenean glaciers, such as Maladeta, their 
latitude give them an exceptional value. 
Since early 90s, up to 26 beacons have been installed in the glacier to measure ice melting and ice movements. 
This has been complemented with geophysics and topographical works and data acquisition from high 
altitude meteorological stations. 
Latest available data show a decline of about 20 meters in depth since the 1990s, as well as a clear regression 
of the glacier, where the surface of the main body of the glacier has evolved from 50 hectares at the beginning 
of the series to 23.3 hectares in the last monitoring campaign. 
The distributed hydrological model ASTER allows to take into account the elevation, orientation and slope of 
the glacier for the calculation of radiation effect, and the accumulation and melting of ice and snow as a two 
phase model.  
Despite being a very complex phenomenon and very sensitive to climatic variations, monitoring and 
measurements made in the glacier to date have allowed an accurate parameter calibration of the model to 
estimate snow and ice melt and accumulation, and a prediction of the future evolution of this unique glacier.
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Accurate estimation of glacier boundary is important as it is a reservoir of freshwater and a primary indicator 
of climate change. In this study, different remote sensing methods viz. Normalised Difference Snow Index 
(NDSI), two single band ratios (Red/SWIR and NIR/SWIR) and Automatic Glacier Extraction Index (AGEI) were 
presented using Landsat 8 OLI image (2017) to acquired accurate information on glacier surface areas in Mago 
river basin, Arunachal Pradesh. In these remote sensing methods, the first and foremost step was the 
selection of the best threshold value. Therefore, different glacier boundaries of all feasible threshold ranges 
(0.4 to 0.9 for NDSI; 2 ± 0.5 for AGEI and single band ratios) for all the different methods were generated. The 
generated different glacial boundaries were then imported and compared with the Google Earth Image (GEI). 
In this comparison, inclusion/exclusion of glacier area, shadowed glacier and water feature were checked. It 
was found that a threshold value of 0.8, 2 and 2, were the best for delineating glacier boundary in the study 
region by using NDSI, two single band ratios and AGEI, respectively. All the different methods with their best 
threshold values were imported together and inter-compared each other. This comparison showed that the 
NDSI captured water feature as glacier whereas the other methods excluded it. Even though both the single 
band ratios and AGEI were very even, it was observed that the inclusion of glaciers’ area was better in AGEI. 
Using this method, glaciers in the year 2017 were digitized which was then again cross-checked with Randolph 
Glacier Inventory (RGI v6.0) and both the digitized glacier and RGI were in accordance. Therefore, from the 
overall comparison, AGEI with a threshold value of 2 was found out to be the best method for mapping and 
monitoring glaciers in the study area. Thus, the temporal variations of glacier surface area analysis were 
carried out for the period between 1988 and 2019. A total shrinkage area of 30.56 sq. km from 1988 (79.97 
sq. km) to 2019 (49.41 sq. km) at the shrinkage rate of 1.23% of glacial area per year (0.99 sq. km per year) 
was observed. During this period the number of glaciers reduced from 55 (1988) to 49 (2019). Upon breaking 
down the time period as 1988 to 2010 and 2010 to 2019, the retreating rate was found to be 0.78% per year 
(0.62 sq. km per year) and 2.82% per year (1.87 sq. km per year), respectively. It was observed that the 
retreating rate was increasing in the recent years. It was also observed that the shrinkage percentage was 
higher in glacier area smaller than 1 sq. km and lower in glacier area greater than 3 sq. km.
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The climate change impact assessment on snow water equivalent (SWE) were conducted for Dibang river 
basin of Arunachal Pradesh. This study uses the ERA5 snow water equivalent reanalysis data from 1986 to 
2015, and five Coupled Model Intercomparison Project Phase 5 models: Beijing Climate Centre Climate 
System Model, version 1.1 (BCC-CSM1.1), Commonwealth Scientific and Industrial Research Organisation, 
version 3.6 (CSIRO-MK3.6), Canadian Earth System Model, second generation (CanESM2), Max Planck 
Institute Earth System Model running on low resolution (MPI-ESM-LR) and Max Planck Institute Earth System 
Model running on medium resolution (MPI-ESM-MR). The time slices were presented from 1986-2005 as the 
baseline period, 2006-2015 as the validation period and 2020-2039, 2050-2069 and 2080-2099 as the future 
analysis periods under the two Representative Concentration Pathway (RCP) scenarios (RCP 4.5 and RCP 8.5). 
The bias correction technique known as the Equidistant Quantile Mapping Method (EDQM) was applied to 
address the biases in the simulated SWE over the Dibang Valley from the five Global Climate Models (GCM) 
products against the reanalysis SWE data (ERA5) for the period of 1986-2005 and the bias corrected values 
were obtained for the other future years. The validation of climate projected SWE conducted for the period 
of 2006-2015 gave better performance for the three climatic models (CanESM2, MPI-ESM- and CSIRO-MK3.6) 
out of the 5 GCMs w.r.t reanalysis SWE data from ERA5. The closest similarity was from MPI-ESM-MR for the 
month of January where observed mean value was 0.117m and the model mean value was 0.118m under RCP 
4.5. For RCP 8.5, the observed mean value was 0.201m and the model mean value was 0.200m for the month 
of February. These three GCMs were considered for the further analysis.  The projections indicated a 
decreasing trend under both the future scenarios, the lowest values occurring under RCP 8.5 scenario. 
Relative changes w.r.t baseline was performed for the climate models individually as well as for the ensemble. 
Individual GCM results showed an overall negative increment in SWE except for CSIRO-MK3.6 in 2020s under 
RCP 8.5, where the change is more than the 2050s and 2080s. Considering the ensemble, it showed a negative 
increment with the largest changes occurring in the 2080s for both scenarios (-52.793% under RCP 4.5 and -
74.591% under RCP 8.5). The overall projection indicated that SWE will eventually decrease under both the 
future scenarios; with a steady decrease under RCP 4.5 and a higher reduction during high GHG emission level 
under RCP 8.5.  The monthly average SWE projected by ensemble GCM w.r.t the baseline SWE in snow months 
showed a reduction in the future time slices for the ensemble SWE values w.r.t baseline except for the month 
of April in 2050s which is greater than 2020s in both the scenarios.
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Seasonal snow plays an essential role in the Earth's hydrological cycle and melted water flows into rivers, and 
reservoirs, which will then be managed for different water uses. Research has shown a concerning decline in 
the snowpack over the last century, but an accurate way to calculate the snowmelt rate has not been 
developed. Traditionally it is the maximum snow water equivalent (SWE) divided by the time from SWE peak 
to complete SWE melt out. However, this does not account for scenarios where melt occurs during the 
accumulation period or when accumulation occurs during the melt period. Four computational techniques 
were investigated to improve the traditional snowmelt rate method. Approach 1 removes all melt prior to 
post-peak accumulation to implement the algorithm. Approach 2 removes the daily melt-accumulation 
fluctuations to optimize the snowmelt rate. Approach 3 uses snow depth and precipitation as a reference to 
determine if rain or snow is falling. Approach 4 uses 80% of the peak SWE to replace the peak SWE in the 
traditional approach to ease computation. While we did not determine the optimal method to estimate the 
snowmelt rate, Approach 3 seems to be most appropriate as it adjusts SWE to consider the precipitation 
during melt, rather than removing those values (approaches 1 and 2). This third approach shows less 
variability in the computed snowmelt rate.
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In the night between January 31 and February 1, 1986, during a snowfall, a snow mass of an estimated volume 
of 31000 m³ was released from the Foscac mountainside (Trentino-Alto Adige, Italy), thus involving a ski slope 
and causing damage to several lodges and the Ciampié refuge. 
The purpose of this study consists in reconstructing this snow avalanche using the numerical model for dense 

snow avalanches TRENT2D❄ (Zugliani and Rosatti, 2021) in order to verify that the model can reproduce 
real cases. The model is based on the mass and momentum balance principles of a single-phase fluid, where 
the flow resistance is modelled using the classical Voellmy-friction law composed of a velocity-independent 
Coulomb term and a velocity squared dependent term.  
As a preliminary step for the back-analysis, historical testimonies, such as pictures, measurements near 
buildings, and a map that delimits the area involved by the flow, were collected to find possible information 
useful for the study. Moreover, due to the lack of information concerning the release, it was necessary to 
estimate both the release snow depth and area. While the last was identified thanks to a cartographic 
analysis, the release snow depth was estimated by reconstructing the meteorological event that causes the 
avalanche. This reconstruction was performed using the Weather Research and Forecasting model.  
The back-analysis of the 1986 snow avalanche was carried out in two stages. The first step consisted in 
performing a sensitivity analysis for the friction-law parameters, the release volume and the position of the 
release area. In this way, it was possible to identify how all these variables affect the flow dynamics of the 
simulated avalanche. As regards the second step, the flow parameters were calibrated carefully by comparing 
the numerical results with the historical testimonies and by minimizing the related differences expressed in 
terms of snow depth, involved area and runout distance. In conclusion, the results of the back-analysis of the 

1986 Foscac snow avalanche show that the TRENT2D❄ model can reproduce snow avalanches accurately. 
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The Grijalva River, one of the largest in Mexico, bifurcates when it enters the delta of the Mezcalapa River. 
The two resulting diffluents, the Samaria River and the Carrizal River, pass by different towns, so the 
distribution of flows in the diffluents of the bifurcation is of interest due to the flooding problems that can 
occur if one of the diffluents begin to capture more flow.  It was the case of the Carrizal River, where in the 
late 1990s it captured up to 90% of the flow coming from the Grijalva River. To regulate the flow derived by 
the Carrizal River, in 2005 began the construction of a control structure. Consequently, in the 2010s, the 
development of a sedimentation process began at the entrance of the Carrizal River, considerably limiting its 
capacity to capture flow. Due to this, we proposed a morpho-hydraulic model that replicates the behavior 
observed at the bifurcation during the years of most significant sedimentation.  In the first instance, the 
purpose is to understand the sedimentation processes generated by the control structure in the Carrizal River. 
The second is to explore a tool to help test mitigation measures to reduce the magnitude of sedimentation at 
the site.
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Landslides and debris flows represent natural phenomenon with high geomorphic impact. Intense rainfall 
events are key triggers of landslides and, as a result, landslides end up interacting with river channels during 
floods. Large masses of sediment can overwhelm the sediment transport capacity of a river channel and result 
in the formation of a dam. Eventually, the blockage is removed, leaving the process of dam build-up and 
bursting undocumented. When field evidence of this phenomenon is limited, modelling exercises may provide 
a viable way to test the hypothesised landslide-flood interactions.  
In this study, we show a preliminary analysis by using a computational model to replicate the formation of a 
channel blockage downstream of a series of landslides during an event that occurred in the North St Vrain 
Creek in Colorado, USA, during the Great Colorado Flood in September 2013 (estimated to be a 1 in 1000 year 
event). We employed the free source code r.avaflow, which is a three-phase model. This code can simulate 
complex chain phenomena, rapid routing mass flows, and entrainment-deposition processes.  
The model was able to represent the erosion from the landslides and on the river channel, but also revealed 
the formation of a dam downstream of the landslides across all simulations. Although the topographic change 
and volume of mobilised sediments were affected by the variation of the model parameters, the channel 
blockage was always observed. This modelling will provide the basis for further modelling of landslide-channel 
interactions and will explain those phenomena that have only been postulated but not directly observed. 
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Bedload transport is the most fundamental morphodynamics phenomenon. Therefore, many previous 
researchers in fluvial geomorphology have performed empirical and experimental studies to investigate how 
the sediment particles interacted with the flow motions and why they started to move. Most of them have 
defined the initial motion of the particle as incipient motion and revealed that the particles started to move 
by receiving momentum from the flow within the boundary layer. In particular, they have focused on the 
turbulent vortex motions within the boundary layer since various turbulent coherent structures were 
generated near the bottom and were in charge of producing turbulence and transferring the momentum 
toward the bed. In order to find the turbulent event closely related to the bedload transport, quadrant 
analysis was mainly applied to the measured velocity. Even though many studies have examined the cause of 
bedload transport based on the quadrant analysis, the dominant event is still controversial depending on the 
studies due to the limitation of measurement technique. 
Accordingly, the corresponding work investigated the effect of vortex motion on bedload transport based on 
the advanced optical measurement technique. Laboratory experiments were performed under the various 
conditions with three-dimensional Particle Image Velocimetry (PIV) and Particle Tracking Velocimetry (PTV). 
These techniques allowed to acquire the three-dimensional velocity field and sediment trajectory with the 
high spatiotemporal resolution simultaneously. We extracted the large-scale vortex motions such as hairpin 
vortex and vortex packet by applying proper orthogonal decomposition (POD) to the measured velocity field. 
According to result, the dominant turbulent event was varied depending on the flow conditions. At the lower 
velocity conditions, the outward interaction and sweep were the most related to the bedload transport even 
though the ejection occurred most frequently. However, at higher velocity conditions, ejection and sweep 
became the most dominant event related to the bedload transport. Also, this study revealed that additional 
parameters should be required other than turbulent kinetic energy to judge the occurrence of sediment 
movement, especially in the low velocity condition. 
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Turbulent flow and its influence on transport phenomena over a rough surface have been investigated in a 
wide range of fields in engineering. For example, when a flood occurs in natural rivers, fine sediments and 
seeds of plants are conveyed by flows and captured between river bed gravels, which leads to sediment 
deposition and development of riverine vegetation. Therefore, it is important to explore the characteristics 
of flow over a rough bed, including both mean and turbulent flow, and their impact on motions of particles 
in flow. In this study, two sets of laboratory experiments were carried out to clarify the mechanism of mass 
and momentum transport in a gravel bed river. First, PIV measurements were carried out for flow fields over 
a rough wall, and their results were analyzed to reveal the structure of mean and turbulent flow. 
Hemispherical roughness elements were placed in a staggered array on a bottom of an experimental flume 
to mimic a natural river bed composed of gravels with large grain size. Results of PIV revealed coherent 
structure of turbulent flow near a rough wall. Next, to understand the process of mass transport over a rough 
wall, seeds of a real plant were added in the flume and their motions were observed. Behavior of the particles 
in the flow was photographed by two video cameras installed above and to the side of the channel, and some 
of their trajectories were tracked in three dimensions by analyzing the taken images. From several examples 
of the trajectories, some typical patterns of particle behavior were observed. Results of the observation 
suggest that coherent structure of turbulent flows such as sweep and ejection in the vicinity of roughness 
may determine behavior of particles such as upward and downward motion.
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Steady uniform open-channel flow with intense transport of combined load (suspended load and contact 
load) above plane mobile bed is modelled using a new developed transport model based on the kinetic theory 
of granular flow. The model is an extension of the recently developed model for collisional transport and the 
new model employs the mixing-length concept to incorporate a contribution of flow turbulence in supporting 
transported sediment particles additional to the dominating support contribution by interparticle contacts. 
The model predicts flow rates of water and sediment for a given combination of the channel depth and 
longitudinal slope and includes predictions of the solids distribution and flow velocity across the flow depth.    
Validation experiments with lightweight sediment in a laboratory tilting flume provide results for a 
comparison with new model predictions. The experiments include measurements of the distribution of the 
local sediment concentration using the camera-based laser stripe technique and measurements of the 
distribution of velocity of solids using the imaging technique based on Particle Tracking Velocimetry with two 
synchronized high-speed cameras. Furthermore, local velocities of water are obtained from Pitot-tube 
measurements. 
The paper presents results of the transport model and their comparison with results of the laboratory 
experiment for a relatively broad range of bed shear conditions (Shields parameter between 0.8 and 1.8 
approximately). A discussion includes criteria and conditions for the local support of sediment particles by 
turbulent eddies in the transport layer of the flow transporting combined load.
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The purpose of this paper is to establish a link between rheological properties of cohesive sediment (Bingham 
yield stress, τb), turbulent flow (bottom shear stress, τf) and erosion (critical bed shear stress, τcr). Three 
paralleled techniques have been deployed to study model cohesive sediment under turbulent flow. The 
erosion of cohesive sediment is a complex subject since numerous sediment properties affect this process 
(salinity, density, concentration, pH…) [Grabowski2011]. However, rheological properties, especially yield 
stress, seem to be a significant factor in erosion [Perigaud1983]. Zhang [Zhang2017] recently concluded that 
rheological properties strongly influence the incipient motion of cohesive sediment. Furthermore, cohesive 
sediment is fluidized and destabilized by flow oscillations [Yang2014]. To improve emperical formula based 
on natural cohesive sediment studies, Pouv [Pouv2011] and Tarhini [Tarhini2016] open the door with the 
realization of a model cohesive sediment made in laboratory. This sediment produced with laponite and 
Carboxymethyl cellulose is transparent and can be studied by optical measurement methods. 
 
The rheological study reveals that the model sediment behaves as a Hershel-Bulkley fluids, similarly to real 
sediments [Mclinge2015] [Kervella2009]. Parameters of the Hershel-Bulkley model, in particular the yield 
stress, have been determined based on flow test for different concentration. Moreover, to explore oscillation 
effects, rheological tests have been made to determine viscoelastic modulus of the sediment (loss and 
storage). 
 
The study of the model sediment under turbulent flow has been performed in a square closed channel. 
Particle Image Velocimetry (PIV) coupled with a surface detection algorithm have been used. The used of the 
PIV allows the estimation of the bottom shear stress of the flow with various methods. In addition, the 
correlation of velocity field data from the PIV with the surface detection allows the analysis of the relationship 
between the flow structures and the bed sediment motion. 
 
The first tests performed in the channel have shown the apparition of ripples on the sediment surface. It 
seems that ripple amplitude is related to velocity flow and sediment concentration. The ripple characteristics 
will be analyzed to be linked to flow characteristic (turbulent structure, wall shear stress …) and rheological 
properties of the sediment (yield stress, viscoelastic modulus….).  
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Dune development process including migration and growth of dunes in natural rivers has been widely 
investigated due to its substantial effect on flow resistance, energy expenditure, and local scour on erodible 
beds. Lee side angle, which is one of the important parameters, affects the dune development process. The 
energetic vortices, so-called kolk-boil vortices, are generated in the flow reattachment zone occurred just 
behind the lee side of dunes; and these vortices are known to entrain much amount of sediment toward the 
water surface. This study is to investigate the change of flow behavior and dominant sediment transport 
process near the bed as the bed profile evolves from a flatbed under conditions of lower-regime. All the 
numerical simulations are conducted using 3D LES (Large Eddy Simulation) approach to reproduce the 
instantaneous flow behavior near the bed and 3D coherent structures. Since the lee side angle is characterized 
by backward facing step (BFS), the relationship between the lee side angle and flow reattachment over dunes 
is investigated over various inclined BFSs associated with the reattachment length, in order to find out the 
effect of flow separation on dune evolution processes in rivers. The effect of coherent structures in the 
reattachment zone on sediment suspension is estimated by quadrant analysis with various step angles. The 
change of distance needed for the flow to be fully recovered behind the reattachment zone with various step 
angles is also investigated. The contribution of each bed load and suspended load at each dune evolution 
stage is quantitatively examined with an emphasis on the kolk-boil vortices and the coherent vortices along 
the separated shear layer.
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A flash-flood event may involve a large volume of sediment material transported along the channel. 
Aggradation of sediment at a critical location may reduce the conveyance of the river channel and, 
consequently, increase the maximum water level; therefore, banks may be much more prone to overflow 
than in the pre-aggradation condition. Knowledge of the aggradation processes may be thus needed to 
appropriately quantify a flood hazard, and requires numerical or experimental work. 
This study presents a laboratory investigation of the aggradation phenomena in supercritical flows. These 
flow conditions have been much less studied than the subcritical ones in the scientific literature. As a matter 
of fact, the present campaign follows an earlier one, performed in the same facility, for aggradation fronts in 
subcritical flow; in the previous campaign we characterized the shape of the aggradation fronts, their height 
and celerity under a range of hydro-dynamic and sediment-overloading conditions. In the present work, 
experiments have been performed at the Mountain Hydraulics Lab of the Politecnico di Milano (Lecco 
campus), using a tilting flume with rectangular cross section (width = 0.3 m), filled with lightweight particles 
(Polyvinyl Chloride grains with a size of 3.6 mm). An experimental series is presented where all the runs had 
the same initial bed slope of 1.2% and the same flow rate of 5 l/s, while different overloading ratios were 
imposed (the overloading ratio being the ratio between a sediment feeding rate at the inlet and the transport 
capacity at initial flow) in a range between 1.1 and 1.9. Many movies have been acquired during the 
experiments; by utilizing various image processing methods, experimental data have been obtained for the 
water and bed profiles, sediment feeding rate, and sediment transport capacity of the flows. 
After the beginning of an experiment, the aggradation height is larger close to the sediment feeding point 
and decreasing downstream. The channel thus tends to a new slope, higher than the initial one, as it tends to 
achieve a new transport capacity in equilibrium with the sediment feeding rate imposed at the inlet. Temporal 
and spatial scales of propagation need to be defined and measured. A dimensionless comparison of 
aggradation profiles at different times seems to reveal some similarity between the profiles for the different 
runs, but the results are not conclusive. The recognition of an aggradation front and the quantification of a 
related celerity of propagation are hindered by a markedly dispersive shape of the aggradation profiles, where 
a neat separation between an undisturbed and an aggraded reach is not detected. The present results, while 
providing novel phenomenological insight, call for analysis tools specifically devoted to the supercritical 
conditions, as in the latter the aggradation process differs from that in subcritical flows.
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In response to increased awareness of the negative impacts of fluvial erosion on natural resources and 
infrastructure, efforts to understand channel sediment sources have increased so cost-effective mitigation 
may be achieved. Attempts to quantify the important contribution of streambank erosion to channel 
sediment loading have been made with modeling and in-situ measurement approaches. Many of these efforts 
involve time-consuming or technologically advanced techniques while practitioners often need a reliable and 
rapid assessment method to quantify local streambank erosion. One such method, the Bank Assessment of 
Non-Point Source Consequences of Sediment (BANCS) model, predicts average annual streambank erosion 
from field estimates of near-bank stress (NBS) and bank erodibility (BEHI) and observed erosion rates resulting 
from bankfull events. The model provides a means to contextually transpose observed erosion rates of 
streambanks to predict erosion rates of other local streambanks with similar characteristics. Given the 
empirical nature of BANCS, its BEHI category-based predictive models have to be established for every 
physiographic region to account for local environmental controls. Our study examined the applicability of the 
BANCS model to an area along the north coast of the Gulf of Mexico dominated by sandy soils and a warm 
and wet climate with frequent high-intensity precipitation events. Bank erosion incurred at 18 study sites 
located in 10 different stream reaches was monitored for one year and morphometric variables were 
recorded. Bankfull flow events, which are the critical erosion-causing events in the BANCS model, were 
identified through the use of constructed stage gages. Bank erosion associated with individual bankfull events 
was between 0.01 m and 0.12 m, but some sites experienced more than one bankfull event and some reached 
flood stage. The mean total annual erosion rate for all study sites was 0.054 m/yr. Based on the BANCS model, 
total annual erosion rates showed moderate to strong relationships with NBS for High and Very High BEHI 
categories. As the values for BEHI and NBS increased between sites, so did the measured erosion rates. During 
this study, BEHI appeared a stronger predictor of bank erosion than NBS and further evaluation of the 
application of the various NBS methods is needed for the study area. 
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Gravel replenishment is a common approach to counteract problems caused by a disturbed sediment 
continuity in many large rivers in Europe. At the Rhine River as well as at the Danube hundred thousand cubic 
meters of gravel are added each year to ensure river-bed stabilization, secure water-fairways and protect 
infrastructure downstream of run-of-river hydropower plants (RoR-HPP). Beside technical aspects, gravel 
augmentation is used as a common approach for ecological habitat improvement. Aim of this work is the 
introduction of a modelling approach to quantify possible effects and the effectiveness of such measures. 
Therefore, the 1D-advection-dispersion model (1D-ADM) was tested for its suitability to describe the 
longitudinal propagation of local-short-term (LST) gravel inputs based on laboratory experiments and field 
data. The 1D-ADM is commonly used when it comes to suspended and solute material transport like 
containments and tracers. The model-function has the form of a downstream propagating Gaussian 
distribution with an increasing measure of dispersion over time. The advection term is described by the mean 
value (µ) of the longitudinal propagation, while the dispersion parameter is related to the corresponding 
standard deviation (σ). Laboratory test runs were performed to derive the advection and dispersion 
parameters which are further used as an input for the 1D-ADM. The experiments were conducted in a 0.3 m 
wide and 10 m long laboratory flume with mobile bed conditions. A frequency-controlled conveyor-belt 
sediment feeder located at the upstream end of the flume was used to supply a heterogenous sediment 
mixture (0.7-6 mm). The constant-head water supply was provided by an internal water recirculation system 
including a frequency-controlled pump. The experiments started with a short period of high sediment input 
(SIH), representing the LST gravel augmentation, followed by a constant rate of fed sediment (SIC). The unit-
width discharge (q) was constant for both periods (SIH and SIC), with SIC corresponding to the preliminary 
measured equilibrium bed-load transport rate for q. By analysing the volumetric changes of the experimental 
bed-surface the parameters for the 1D-ADM were determined. The 1D-ADM showed its capability for 
estimating the longitudinal propagation of the LST gravel input. The model was further applied to field data 
collected downstream of the Iffezheim Rhine RoR-HPP (Goelz et al., 2002). Based on the longitudinal mass-
distribution of petrographic tracers added in October 1996 and subsequently tracked for three years, the 1D-
ADM parameters were determined. Further, the mass distribution predicted by the model was compared 
with the field measurements at different cross sections. The 1D-ADM is capable to describe the longitudinal 
LST gravel propagation for both field and laboratory data with good to very good accuracy. In conclusion, the 
1D-ADM is a useful tool for the planning, evaluation, and optimization of gravel replenishment.
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When modelling rivers morphodynamics, it is not only important to model the bedload flux, but also the size 
of the transported material. Indeed, for a given flux, the resulting morphology will be different according to 
the size transported considered from sand to large boulders. In particular, the transportation of poorly sorted 
sediments in gravel bed rivers is still an open question. Partial transport is often considered, which means 
that all grains of a given size class are not in motion for a given shear stress. A few tools have been proposed 
for modelling this mobility. The common approach consists in using fractional bedload equation, which 
computes a bedload flux for each size of the mixture in presence. A new and promising modelling framework 
called GTM (General Threshold Model) has been proposed recently, and is tested here with new data 
collected an Alpine river. The comparison permits to confirm the model parameters, and inform us on some 
physical properties of the moving sediments.
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The construction of dams significantly alters rivers´ natural regimes, by changing flow conditions, reducing 
the sediment transport capacity, and altering the vegetation and instream wood dynamics. Environmental 
flows (e-flows) are often based just on the flow regime, they rarely consider the sediment, and the instream 
wood is completely overlooked. The instream wood – e.g., downed trees, trunks, branches and rootwads- 
sustains the physical and ecological integrity of the river. By interacting with the flow and sediments, wood 
enhances river physical complexity and improves habitat diversity, and thus biodiversity. On the other hand, 
large quantities of wood transported during e-flows can be a concern, as it may pose a danger to 
infrastructures such bridges.  
Integrating flow-sediment and wood regimes in the design of e-flows is thus of great importance, particularly 
in forested rivers with unregulated tributaries and /or active hillslopes affected by mass movements 
processes, that may still supply large quantities of sediment and wood to the main channel. This is the case 
of the Spöl River in the Swiss Alps. The Spöl river is dammed but undergoes a restoration program based on 
the release of annual e-flows since the year 2000. Despite the e-flows, the river is facing a significant 
aggradation and other associated processes, such as bank erosion, channel widening, or vegetation die back. 
Instream wood is supplied to the river from the forested slopes affected by snow avalanches, landslides, 
debris flows and windstorms, the riverbanks and vegetated islands.  
In 2018, we enhanced the monitoring framework to include observations of sediment and instream wood 
transport. Before and after flows, sediment was tagged, and grain size was measured at different locations 
and wood stored within the river was tagged, measured and georeferenced. We surveyed topographical cross 
sections and flew a drone. Moreover, during the e-flows a video camera was installed at a bridge. 
Preliminary results showed that only a small fraction of the stored instream wood was mobilized by the e-
flows, but part of it travelled relatively long distances reaching the confluence with the Inn River. The instream 
wood mainly moved during the beginning and the peak of the flows, with very much less transport afterwards, 
and two following flows revealed that most of the wood was effectively entrained during the first flow, even 
if the second had a higher discharge.  
Knowing the effect of the e-flows on sediment and instream wood transport will be key to understand their 
effectiveness and to identify a suitable flow, sediment and instream wood regimes that will better sustain the 
structure and function of the Spöl river. This study is key for the design of future river restoration in the Spöl, 
but also for the management of regulated mountain rivers in general. 



Theme 2 

Snow, river and sediment 
management 
 
 

Solution for a Sluicing Channel with high and coarse Sediment Intake in an 
Alpine River 

Mr. Jakob Siedersleben1, Assoz.-Prof. DI Dr. Stefan Achleitner1, Univ.-Prof. Dr.-Ing. habil. Markus Aufleger1, Mr. 
Marco Schuster1 

1University Of Innsbruck, Innsbruck, Austria 

Theme 2: Snow, river and sediment management (7), Seminario 3+4+5, junio 22, 2022, 12:00 - 13:30 

The presented work is part of the optimization of the sediment management plan at the hydroelectric 
powerplant in Reutte/Höfen in Tyrol/Austria. The runoff power plant is situated in an alpine environment and 
exploits water of the river Lech which transports high rates of coarse material. 
The lateral water intake is equipped with a flushing channel located in front of horizontal bar screens. 
Thereby, sediments cannot enter the turbine intake and the retained sediments must be flushed frequently. 
Due to the shallow water situation and a given preferential flow path (initiated by 15 m³/s turbine capacity), 
frequent sedimentation is the case. The overall objective of the study is, to optimize the sediment 
management by means of (i) avoiding sediment deposition near the lateral intake or (ii) flush settled 
sediments frequently. The focus lies on the second aspect, the optimization of the flushing process once the 
sediments have entered the flushing channel.  
The physical experiments on a model with a scale of 1:15 and an extent covering half of the reservoir/weir 
system, was used to test different flushing options. The experiments were conducted with a movable bed 
mixed according to the downscaled particle size distribution of the river Lech. In order to prevent cohesion, 
the minimum particle size was limited to 0.5 mm. 
At first, the ability of the model to mimic initial conditions of sediment depositions in the flushing channel 
was tested. The sediment deposition, generated by upstream hydraulic forcing, matched well with field 
conditions. Still, sediment deposition bodies were implemented artificially for the subsequent routine testing 
of different construction options. 
In general, flushing of the channel is conducted by opening the sluice gate, which is located at the downstream 
end of the channel. However, this works only partially since the channel is fed along its side as well. Thus, only 
in the downstream part of the channel an effective flushing is observed. Flushing the upstream half can only 
be realized by lowering the normal water level and thereby stopping the energy production over longer 
periods.  
For easier flushing of the upstream part of the channel, deep seated pressurized culverts have been 
introduced. In the simplest case, neighbouring culverts with varying lengths are installed in the flushing 
channel. Sediment can enter from the top at the upstream ends where the hydraulics are still operated by 
opening and closing the existing sluice gate. Since the affected flushing area is limited around the upstream 
openings, different geometric variations were considered. In the optimization several configurations with 
regard to arrangements of the openings, size of the channels, number of openings, etc. were tested. Besides 
the efficient flushing behaviour of the pressurized culvert system, the normal water level can be maintained 
avoiding operational interruptions. 
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Fine sediment is a fundamental component in the river system. Pollutants and nutrients can be transported 
by fine sediments. Fine sediment conditions also support good ecological status in different environments. 
Moreover, fine sediment transport can lead to security issues for hydroelectric buildings in river channel, i.e. 
sedimentation in reservoirs leading to siltation problems for hydropower plants; and also resulting in a loss 
of reservoir storage capacity. In alpine rivers, a large amount of fine sediments travels over the gravel-bed 
system as suspension and interacts with the gravel matrix. Recent studies highlight that fine sediment stocks 
in river bed can be a significant source of suspended load at event scale, has and can have a non-negligible 
effect on sediment budget estimation. However, there exists not proper estimation of fine sediment stocks 
in gravel-bed rivers, especially for the sand fraction. One can also question the potential spatial and temporal 
variability of these stocks, which makes the estimation of such source of sediments challenging. 
In this study, we intend to quantify fine sediment stocks in an alternate bar system (Arc and Isère Rivers) and 
estimate the potentially re-suspended fine stocks from the gravel bar matrix for different discharges. Fine 
sediment stocks in the gravel bars are firstly measured using a field protocol optimised from Misset et al. 
(2021). The measured fine stocks show a significant amount of sand present in the river bed, which is rarely 
even not measured in most studies. The evaluation of the total stocks of fine sediments is made by combining 
these local measurements to GIS analyse based on LiDAR data. Then, in order to predict the re-suspended 
fine stocks, a 1D numerical hydraulic model is used to calculate bed shear stresses on the bar surface and 
evaluate the thickness of the potential remobilized coarse sediments using the model proposed by Pugh & 
Wilson, (1999). Having the volume of sediments remobilized, one can evaluate the potentially re-suspended 
fine stocks for different discharges. The silt-clay part of the calculated re-suspended stocks is found equivalent 
to around 30% of annual Suspended Sediment Matter flux for a 15-year return period flood event during one 
day. However, this part of stocks represents only around 20% of the total fine stocks. Therefore, a large 
amount of sand could be re-suspended from the gravel bar matrix and should not be neglected when 
estimating the downstream sediment budget.
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Climate change and land-use change impact the sediment flux and grain size delivered to rivers. This in turn 
influences channel morphologies and so modifies flood risk. High mountain catchments are particularly 
sensitive to morphological changes in channels forced by changing sediment supply due to the close 
connection between hillslope sediment supply and channels in such environments. In this study, we explored 
the Nakkhu River, the largest southern tributary within the Kathmandu basin, Nepal. The mobility of the 
channel is well documented and is caused by bank erosion, downcutting, and accumulation of bar forms; 
these processes are particularly important during extreme flood events, as evidenced by analysis of repeat 
satellite images. Bank erosion and down-cutting increase a channel’s discharge capacity leading to a reduction 
in flood inundation and upstream water storage. In contrast, the aggradation of river bars reduces a channel’s 
conveyance capacity. These vertical and lateral geomorphological changes impact flood risk downstream. 
 Here, we investigate how changes in sediment grain size affect river morphology and flood inundation 
in the Nakkhu River. This is motivated by an awareness of gravel extraction in the upper reaches of the 
channel. We use the landscape evolution model CAESAR-Lisflood, combined with a newly generated (2019) 
10 m digital elevation model, field-derived grain size data, and daily discharge data, to simulate erosion and 
deposition along a 14 km reach of the river. In a series of numerical experiments, we compare riverbed cross-
sections, flood extent, and water depths for three model scenarios where we vary sediment grain size from 
fine sand to coarse gravel dominated distributions representing the natural variability of measured sediment 
data. 
 These simulations suggest that channel morphologies are sensitive to changes in sediment grain size 
distribution, and therefore that consideration of grain size as well as sediment supply is important for accurate 
flood hazard mapping in sediment-rich catchments. In addition, this study highlights some of the challenges 
regarding the grain size parameter and uncertainty to the landscape evolution model that need to be 
addressed. 
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Flow depth is an important parameter along waterways which - at the lower boundary - depends on the 
vertical dynamics of the river bed (accumulation and erosion of sediments) as well as on the morphological 
processes involved. There is short-term dynamics (e.g. migration of bed forms) but also medium- to long-term 
trends that lead to increasing or decreasing levels (e.g. sedimentation or river incision) of the river bed. To 
improve planning and design strategies it is relevant to know the minimum flow depth and therefore it is 
necessary to quantify these morphological processes along the waterway. 
 
Vertical morphodynamics can be measured best by means of a systematic analysis of multi-beam 
echosounding data from which high-resolution digital terrain models are derived. With regard to the 
considered processes, three parameters have been implemented. The “T90-parameter”, as a measure for the 
bed form height, is determined by a combination of a wavelet analysis, a zerocrossing procedure and a Monte 
Carlo Simulation. For quantifying the total vertical morphodynamics the so called “M90-parameter” is 
introduced. It describes the local fluctuations of the river bed over several time steps around the long term 
mean bed level. It can be used to identify morphologically active areas. In order to derive long-term trends 
from the data, a linear regression analysis is applied. The resulting “S50-parameter” indicates erosion and 
sedimentation areas as well as sections with a stable mean bed level.  
 
Based on the obtained parameters, data products can be generated that provide comprehensive insights into 
the development of the riverbed and the vertical morphodynamics of an evaluated section. From this, both 
an actual state and concrete recommendations for action with regard to planning and design strategies can 
be derived. The high degree of automation of the procedure enables the processing of large datasets. The 
method has already been applied in practice to analyze a several kilometers long section of the river Rhine.  
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The evident mass loss of glaciers over the past decades is coupled with shifting runoff dynamics and highly 
intensified geomorphic processes particularly in headwater catchments on the verge of deglaciation. The 
progressive down wasting of glaciers results in an increasing exposure of unconsolidated sediments impacting 
the catchment-scale sediment dynamics. The induced changes in sediment fluxes can have considerable 
implications for the operation and management of water resources, especially for hydro-electric power 
facilities in otherwise non-regulated glaciated catchments. Bedload-bearing outwash plains are a widespread 
feature in deglaciating catchments and often serve as an area of re-deposition under average runoff 
conditions. During high, respectively extreme runoff events, the proglacial areas connect with the 
downstream catchment, delivering subglacial sediments to lower stream sections. 
As such, they represent key elements in high-alpine river systems and are an important component in 
determining the upstream boundary conditions of a catchment. Yet quantifying bedload transport in the 
paraglacial transition zone is a challenging task. The typically remote location of outwash plains in the 
proximity of retreating glaciers usually complicate direct measurements, especially since the area under 
investigation is prone to frequent geomorphic processes and changes. However, quantitative data on 
sediment yields from glaciated catchments is needed in order to contribute to the sustained effort of the 
research community to understand global to local and inter- and intra-catchment controls (Carrivick and 
Tweed 2021) on sediment yields. 
In this work we present a feasible methodological approach to parameterise key characteristics of an 
exemplary proglacial outwash plain (Jamtal valley, Austria) in order to overcome data scarcity in the 
paraglacial process domain of mountain glaciers, enabling modelling of sediment fluxes on sub-catchment 
scale. 
The key parameters considered in this study include (i) high spatial and temporal resolution models of the 
frequently changing topography as well as (ii) discharge and (iii) sediment properties in the investigated 
proglacial outwash plain. Such data are crucial for model parameterisation and calibration in the context of 
hydro-morphological modelling. In this work, we employed UAV-based surveys using RGB imagery to reliably 
capture (i) topographic information together with surface roughness and (iii) grain size distribution in a 
combined approach. Discharge properties (ii) such as inundation areas and water level elevations are semi-
automatically derived from stationary time-lapse images, supported by maximum water level gauges located 
in the outwash plain. This multi-method approach provides key input and calibration data for applied 
hydraulic modelling. In summary, we present how the different data sets are derived and combined to finally 
obtain a best estimate of the parameterisation of the hydraulic and morpho-dynamic model. 
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Flow through sinuous channels show altered flow characteristics, unlike in straight channels. Channels form 
curves or bends in its course and the boundaries are vulnerable to different stresses. There is also exchange 
of water between the surface and the sub-surface flow, known as seepage. With downward seepage, the 
water percolate through the boundaries of the channel and join the nearby groundwater table. River 
engineers usually neglect this condition in channels because the amount of seepage velocity may be of small 
quantity as compared to the free stream velocity above the sediment bed. However, this small seepage 
velocity has the potential to exert extra hydrodynamic force on the sediment bed. Laboratory experiments 
was conducted to assess the flow without seepage and with downward seepage and to provide better 
understanding of the hydrodynamics and sediment transport in a sinuous channel. The activity of seepage is 
mostly near the channel bed where the transfer of water takes place. Morphological changes were observed 
to alter with the effect of downward seepage. The results of the study provides the potential of the downward 
seepage in altering the flow characteristics and enhance sediment transport in alluvial sinuous channels. 
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The hydrodynamics of an alluvial channel was investigated in a tilting flume, considering the important effect 
of upward seepage. Seepage is an important explicit parameter of a sand bed channel that occurs in the form 
of lateral flow. The interface between the main flow and seepage flow is important to understand the 
transport of sediment and maintain a healthy river ecosystem. Therefore, the experiments were conducted 
for both no seepage and upward seepage runs to examine the effects of upward seepage on the on the 
hydrodynamics of an alluvial channel. Acoustic Doppler velocimeter (ADV) was used to measure the three-
dimensional instantaneous flow velocities at a certain depth, which provide important results linked to the 
flow turbulence. The turbulent flow characteristics such as time-averaged velocity, Reynolds shear stresses, 
and turbulence intensity were analyzed for the case of no seepage and seepage flow. Results show that the 
level of turbulence decreased with the upward seepage, indicating lower sediment transport. The turbulent 
length scale also decreased with the upward seepage, which led to a decrease in the energy and momentum 
transfer induced by the larger eddy size in the near-bed region, and eventually, a lower rate of sediment 
transport with upward seepage. The results of the present study are useful for civil or hydraulic engineers 
since the knowledge of flow characteristics with seepage will improve the management of sediment in the 
natural river.
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The Vietnamese Mekong Delta (VMD) has been suffered from coastal erosion, morphological changes, and 
sediment reduction caused by climate change, sand mining, and river damming. Therefore, the main 
objectives of this work are to study sediment dynamics and morphological changes to address past and 
present challenges and subsequently suggest adaptive policies. To achieve our objectives, two field trips were 
conducted and a two-dimensional (2-D) module was employed to examine the spatiotemporal dynamics of 
suspended sediment concentration (SSCs) and riverbed incision in the VMD’s major rivers.  
From August 2017 to April 2018, two field trips were conducted in 570-km-long major rivers in the VMD, 
namely the Tien (Mekong) – the Hau (Bassac) – the Vam Nao diversion channel, under the framework of the 
JASTIP project (Japan-ASEAN Science, Technology, and Innovation Platform). In the field surveys, we 
measured river depths, discharges, velocities, turbidity, and water levels by using various instruments, namely 
Garmin GPS, Trimble GPS-equipped ADCP, and turbidity meters. In the JASTIP project, we also installed three 
monitoring stations to measure the sub-daily SSCs in the above-mentioned main rivers. Besides, monitored 
flow, sediment, and morphology data are also collected from the Mekong River Commission (MRC). The 
measured and collected data are used to elucidate spatiotemporal hydro-sediment dynamics and 
morphological changes. To project future morphological changes resulting from sediment reduction from the 
Mekong River due to river damming, serving for sustainable river system management, a 2-D numerical model 
was established.  
In general, the SSCs in the VMD are seasonally changeable. In the high-flow season (i.e., August 2017), the 
highest SSC value was recorded as much as 1,300 g/m3 at Tan Chau (under JASTP project) and decreased 
remarkably to 5-70 g/m3 in the low-flow season in March-April 2018. Regarding sediment-morpho dynamics, 
the Tien and Hau Rivers are divided into two reaches. The rivers have high SSCs and deep bad elevations in 
the upper reach, decreasing seaward while they have lower SSCs and shallower bed elevations in the lower 
reach, increasing seaward. Additionally, the SSCs in the Tien River are higher than that in the Hau River in the 
high-flow in August 2017, while those in the two rivers are relatively balanced in the flow-flow season from 
March and April 2018. Moreover, the Tien River annually diverts about 40-50% of its suspended sediment to 
the Vam Nao Channel, which combined with sediments incised from the riverbed of this channel contributes 
some 60-80% to the suspended sediment budgets of the Hau River. 
Thus, interregional research against negative impacts of spatiotemporal variations and SSCs reduction in the 
entire channel-river systems of the VMD should be conducted to understand and suggest adaptive measures 
to protect this Delta under future stresses from climate change and intensified anthropogenic pressures.
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Forest fires, in addition to the substantial economic losses and the negative impact on terrestrial ecosystems, 
are responsible for several problems in aquatic environments. Ashes which are mobilized by rainfall from 
slopes to river systems, besides polluting watercourses, their transport in suspension can directly affect the 
hydrodynamic processes, such as the transport capacity of other sediments and/or nutrients, the mass and 
momentum transfers between the vegetation and the open central channel and in the sediments deposition. 
In order to investigate the influence that ashes have on the vegetation interaction with the central open 
channel, essential hydrodynamic parameters were studied to have a comprehensive understanding of lateral 
mass and momentum transfers.  
In that regard, experiments were carried out in the partially vegetated channel located in the Laboratory of 
Fluvial Hydraulics and Structures of Universidade da Beira Interior. The channel with 12.60 m long, 0.80 m 
wide and 1.00 m deep has on the right side of the channel an extension of 6.00 m long and 0.30 m wide of 
emergent vegetation stems, occupying 35% of the channel cross-section. Vegetation was simulated with rigid 
cylindrical wooden stems in a staggered array, with 1 cm diameter and 0.15 m high, through two different 
densities that are representative of the natural vegetation. To ensure a constant ash concentration 
throughout the entire experimental investigation, an ash feeding system was placed in the upstream 
stabilization tank.  
The present study suggests that suspended ash maintains the flow susceptible to large-scale structures akin 
to KH instabilities, aspects that play a significant role in mass and momentum transfers.
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The apparent bedload velocity and the backscattering strength are variables derived from the bottom tracking 
features measured by any acoustic Doppler current profiler. Some previous laboratory and field investigations 
reported good correlations between these two variables and different bedload transport characteristics. After 
careful preprocessing and filtering, the ADCP data can be still noisy and would not match perfectly the 
conventionally measured transport rates. In addition to the typical usage of the mean values, this study 
examined the time series of the backscattering strength and apparent velocity obtained from ADCP 
measurements. The measurements were conducted in stationary position in three large rivers with bedload 
material spanning from fine sand to coarse gravel. Two ADCPs, the Sontek M9 and the RDI Rio Grande, 
measured almost synchronously. The results demonstrated that the mean values of the corrected 
backscattering strength measured by slant beams of the M9 are the most sensitive to the different bedload 
transport conditions, whereas the RDI data showed very low almost negligible sensitivity, smaller even than 
the vertical beam of the M9. The time series we analyzed used three different temporal features. These 
results showed that the ADCPs can catch short variations and pulsations of the bedload transport. They also 
pointed out that averaging of long time series can hinder most of the bedload characteristics by missing its 
dynamics and variation. Further analysis of different variables in the frequency or time domain, in addition to 
application of new innovative machine learning methods should be performed to better describe the bedload 
transport utilizing the ADCP outputs. 
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Shields (1936) provided the basis for describing sediment transport and sediment entrainment based on mean 
parameters such as the shear stress. The Shields diagram was later supplemented with occurring bed forms 
or morphodynamics, such as riffles, dunes or flat bedforms. These conditions are well observed in field 
surveys and in experiments conducted in hydraulic flumes and are fitting quite well to the Shields diagram. 
Therefore, it might be possible to argue that these processes can be adequately described by the mean shear 
stress. In contrast to the processes above the critical shields number θcrit it is still not yet clear which 
processes are responsible or adequate for describing sediment entrainment below the critical values 
proposed by Shields. Based on field measurements as well as in experiments, conducted in hydraulic 
laboratories, sediment entrainment was reported below critical Shields values. Most of the conducted studies 
dealing with sediment entrainment below critical Shields numbers are focusing on turbulence and coherent 
structures. This seems logical as turbulent fluctuations or coherent structures are leading to peak events 
regarding streamwise velocities, pressure, impulses and drag forces which are all important parameters for 
describing sediment entrainment. Here coherent structures and their influence on sediment entrainment at 
varying Shields numbers below threshold conditions of particle motion are studied. Therefore, experiments 
in a hydraulic flume, with a length of 12 m and a width of 0.3 m were conducted. The flume bed was covered 
with natural sediment particles, with a size of d = 5.6 – 6.0 mm and a density of 2650 kg/m³. The hydraulic 
conditions were sub critical and fully turbulent and were adjusted to achieve three different Shields numbers 
below the critical values proposed by Shields, namely, (i) 0.027 (ii) 0.022 and (iii) 0.019. For all cases sediment 
entrainment was observed and the flow field during sediment entrainment was measured with a tomographic 
particle tracking velocimetry (TOMO-PTV) system. “Shake the box”, a Lagrangian particle tracking algorithm 
was applied for calculating time resolved velocities (all three velocity components) in a volume. Based on the 
conducted experiments and the used measurement system it becomes possible to analyze the decisive 
coherent structures in a three-dimensional context during sediment entrainment and to classify these 
motions based on different Shields numbers.
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The last decades witnessed a growing interest in the sediment faith in rivers, especially in relation to the 
operation of reservoirs and their downstream impact. An efficient management requires a model for 
describing the interaction between the fine transported sediments and the armored gravel bed. However, 
even the definition of the streamwise velocity profile in gravel-bed rivers is still an open question, mainly due 
to the technical issues related to the inaccessibility of the deeper regions of the gravel substrate. In this work, 
we combined the RIM (Refractive Index Matching) methodology with the PIV (Particle Image Velocimetry) 
technique to perform velocity measurements inside the gravel voids. To that end, we filled a laboratory flume 
with gravel for its entire length, except for the measuring section, where we substituted the gravel with 
similar-sized hydrogel spheres (made of crosslinked modified acrylic polymer). These spheres, originally ~2 
mm sized, absorb water growing up to ~3 cm, and they keep the same refractive index as water, hence being 
completely invisible when submerged, avoiding any optical disturbances. Such an experimental set up allowed 
us to measure the velocity field in low-submergence conditions in three longitudinal planes, from the bottom 
of the flume to the free surface, and to obtain a time- and space- averaged velocity profile. The double-
averaged velocity profile shows an inflection point above the crest level, usually associated with a mixing-
layer type of turbulence in the interfacial region. The mixing layer analogy is confirmed by the behavior of the 
Reynolds intensities, the skewness, and the ratio between the components of the Reynolds stress tensor. 
However, the mixing layer analogy alone does not describe the overall velocity behavior from the deepest 
region of the bed, to the free surface. Rather, the profile seems to be better represented by a combination of 
models.
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An experimental investigation has been carried out on a threshold curvilinear cross section alluvial channel 
for the no seepage and with seepage scenarios. It has been observed that Shields stress increased after 
extracting the water in the vertical downward direction from the channel bed. This increase in the bed shear 
stress caused initiation of development of bedforms. By following that a set of bed elevations profiles were 
measured with the help of ultrasonic ranging system at different time intervals in test section of the channel. 
To analyse these bed elevation profiles, a bedforms tracking tool used to obtain the variation in geometry of 
the bedforms. It has been observed that in the beginning the mean height of bedforms was larger at bank 
side compared to the centre line of the channel, although, a mean length of bedforms was shorter than the 
centre line geometry. However, with the passage of time, bed material from the banks was transported to 
feed the adjacent bedforms towards the centre line of the channel. In the end of the experiment, after 24 
hour run, it was found that there were negligible changes in geometry and in Shields shear stress, indicating 
that the channel was about to attain regime conditions. In addition, the integral length scale and time scale 
were increased in the presence of downward seepage, suggested larger momentum transfer resulting in the 
development of larger of bedforms in the centre of the channel.
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Large volumes of transported sediment in mountain torrents pose a substantial hazard to human life, 
property, and infrastructure. Intense sediment transport in tributary torrents, typically associated with 
extreme hydrological events, can induce flooding at the torrent-receiving river confluence. Massive sediment 
supplies from torrent catchments and insufficient transport capacities of the receiving channels facilitate 
deposition in the confluence leading to overbanking on the torrential fan. While being geomorphologically 
active, torrential fans are home to communities in mountain areas. Exposure to torrential hazards has 
increased, fueled by developmental pressures, tourism, and increases in Alpine recreation. Extensive research 
has been carried out investigating hydrodynamic and morphological processes at lowland river confluences 
where it has been determined that the confluence angle and discharge ratio have the greatest influence on 
channel morphology and hydraulics. However, there is a lack of information concerning confluences with low 
width and discharge ratios, high sediment concentrations and gradients, typically found in mountain rivers 
and torrents. 
In this study, results from large-scale laboratory experiments with a standardized river confluence geometry 
are presented. Thereby, transport capacities, shape and volume of the deposition zone in the confluence, 
bedload dispersion characteristics, morphological dynamics, and boundaries were analysed for various hazard 
impact conditions, characterized by the discharge ratio and the sediment concentration. The receiving 
channel features a gradient of 0.5 % and a moveable bed allowing for 0.2 m of erosion. The torrent channel 
bed is rigid with a gradient of 10 %, channel bed roughness was identified with a series of clear water 
experiments. The confluence angle is 90°. With this configuration, a set of experiments based on steady-state 
hydraulic conditions was accomplished. The receiving channel discharge was exclusively clear water, 
sediment was supplied to the torrent channel in concentrations from 5 % to 15 %. The discharge ratio varied 
between 0.1 and 0.3. Model validation was achieved through field surveys, analyses of historic events, and 
GIS-based studies of the geometries at relevant confluences found in Tyrol (Austria) and South Tyrol (Italy). 
Referring to these natural conditions, transferring model results yields a range of Froude-based scale factors 
from 20 to 40. 
Results indicate that in addition to the confluence angle and the discharge ratio, the stream power of the 
torrent channel has a significant impact on confluence morphology, size and location of the distinct 
morphological zones, and depositional processes in the torrent channel. High sediment concentrations create 
feedbacks between confluence hydraulics and morphology occurring during torrential events. Bedload 
deposition affects hydraulics which influences transport processes in both the confluence and tributary 
channel. Throughout certain experiments, regressive aggradation caused the tributary channel to gradually 
fill with sediment reducing gradient and discharge capacity leading to potential overbanking of the sediment-
laden flow.
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Artificial gravel structures can increase the ecological function of a river, sustainably providing habitats for 
both aquatic and terrestrial species. However, their application as hydraulic structures with effects on 
hydrodynamics and morphology of a river’s main channel needs to be further investigated. Aim of the present 
study is to assess the suitability of different variants of gravel structures for low flow regulation in the context 
of navigation, while simultaneously analyzing potential effects for flood protection. 
 
For this purpose, different geometrical variations of gravel structures under different hydrologic conditions 
in the Austrian Danube River were analyzed using the hydrodynamic model RSim-3D and the sediment 
transport model iSed. In particular, the gravel structures were modified with respect to their width and height 
as well as their position in the river reach; a complete removal of the structure was also studied. The 
investigated discharge scenarios ranged from low flow conditions to a 100-year flood. The gravel structures 
abiotic impacts on the river’s main channel were derived by calculating parameter differences of the variants 
to the status quo focusing on water surface elevation, depth averaged flow velocity and bed shear stress. 
Moreover, differences of bed level changes after 30 days of mean flow conditions and 2 days of highest 
navigable discharge conditions were compared. 
 
Artificial gravel structures showed similar effects as groynes with respect to the hydro- and morphodynamics 
of a river’s main channel. Concerning water surface elevation, gravel structures caused a local decrease at the 
position of the structure and a local increase upstream. Both depth averaged flow velocities and bed shear 
stresses were higher along the structure. Relative erosion tendencies occurred in the main channel parallel 
to the gravel structure, giving rise to relative sedimentation tendencies downstream. These hydrodynamic 
and morphodynamic effects varied depending on the modelled discharge scenario. The highest differences 
of parameters compared to the status quo were evident during mean flow conditions and highest navigable 
discharge conditions. 
 
The obtained results clarify that artificial gravel structures can be used as an effective alternative to groynes 
for low flow regulation. Thus, the frequency of maintenance dredging events for providing safe navigation 
conditions can be reduced. In addition to their river engineering function, they also serve as bedload depots 
and provide ecologically valuable habitats in a regulating context through the ongoing changes in morphology. 
Furthermore, no adverse effects for navigation and flood protection occurred in the investigated areas. 
However, the magnitude and spatial extent of the impact of gravel structures on a river’s’ main channel 
indicate large influence that needs to be considered in the planning process of these hydraulic structures. 
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Therefore, the outcomes of this study can be incorporated into future research and planning of artificial gravel 
structures. 
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Forecasting the bank profile shape of stable hydraulic channels using empirical, experimental, and numerical 
models is an important research topic among river science engineers. In the present paper, the application of 
soft computing methods is evaluated in predicting the geometry of stable channel cross-sections. In this way, 
using a combination of the Particle Swarm Optimization (PSO) algorithm with an Adaptive Neuro-Fuzzy 
Inference System (ANFIS) model, a novel evolutionary system called ANFIS-PSO is presented. Besides, a new 
Group Method of Data Handling (GMDH) scheme known as Generalized Structure of GMDH (GSGMDH) was 
introduced. The authors also measured the coordinates of points located on a channel boundary in a stable 
state using a sensor instrument in the laboratory at four different flow discharge rates of 1.157, 2.18, 2.57, 
and 6.2 L/s. The results indicated that the evolutionary ANFIS-PSO model with Root Mean Squared Error 
(RMSE) and Mean Absolute Relative Error (MARE) of 0.0132 and 0.1326 performed better than the individual 
ANFIS, GMDH, and GSGMDH. These findings demonstrate the high accuracy of the ANFIS-PSO model in 
predicting bank profile characteristics. The robust evolutionary model proposed here can be used in designing 
and estimating stable channel dimensions. The second-degree polynomial equation proposed by the 
GSGMDH model can be utilized in predicting the coordinates of other points located on a stable boundary of 
a channel cross-section.
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The Lower Yellow River (LYR) has underwent significant channel degradation after the operation of the 
Xiaolangdi (XLD) reservoir in 1999. It is estimated that the cumulative channel scour volume was 2.03×109m3 
in the whole LYR, with the cumulative channel scour volume in the braided reach accounting for 70% during 
the period from 1999 to 2018. Severe channel scour has led to rapid channel incision in the braided reach of 
the LYR. In this study, variations in the cumulative channel incision depth at cross-sections and the stage-
discharge relationships at hydrometric stations were investigated in this reach. The results show that the 
cumulative channel incision depths at cross-sections varied from 1.1 m to 4.2 m along the braided reach, and 
the reach-scale cumulative channel incision depth was up to 2.9 m. The water levels at the HYK station 
decreased significantly at the given discharges of 500 m3/s and 3000m3/s, with the values of 3.3 m and 2.1 
m, respectively. The influence of the incoming flow and sediment regime on the channel incision was 
investigated in the braided reach, and an empirical equation was established between the cumulative channel 
incision depth and the previous 5-year average incoming sediment coefficient. The calculated data using the 
proposed equation agreed well with the observed data.
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Longitudinal walls are structures installed in riverbeds as a means of protection and containment. However, 
being structures that obstruct the flow in the channel, they are susceptible to cause erosive processes in their 
vicinity, generating failures and progressively increasing scour problems. The phenomenon of subsiding on 
hydraulic structures, such as longitudinal walls, which are considered complex processes, where turbulence 
is generated by the collision of the flow with the structure, causing the formation of vortices, which produce 
exposure in the foundations of the hydraulic structure. In recent years, a significant number of studies have 
been conducted on scour in hydraulic structures, especially for bridge abutments and piers. However, studies 
concerning longitudinal walls have been developed to a lesser extent. In the present study, a set of 
experiments were run in a physical model, where typical river conditions with well-graded granular bed were 
simulated in a test channel HM 162 where a longitudinal wall was installed without flow incidence at the 
entrance edge, to generate values of the maximum scour depth at the base of the longitudinal structure. The 
measurement of the pit produced by scour in the bed was developed using a scanner with which the bed 
material was recorded before and after the passage of the flow. Due to the interaction between the three-
dimensional (3D) flow pattern and the bed material, the scour process in the wall of a longitudinal wall is 
complex. The particular use of the empirical scour formula may not be sufficient to evaluate scour under 
turbulent flow conditions. The objective of this study was to calibrate and validate the numerical model of 
the scour processes in longitudinal walls in rivers with well-graded granular beds by using a computational 
fluid dynamics software, Flow3D, as it uses the Reynolds Average Navier Stokes (RANS) equation closed with 
a k-ԑ turbulent model. The computational model has implemented a stable and convergent solution for 
various forms of hydrodynamic structures, taking into account a constant time interval and a fixed bed load 
coefficient. The model also provided accurate information on flow velocity, bed shear stress, and water 
surface.
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This paper presents considerations in the design of a hydraulic model involving a wide, braided sand-bed 
channel used to aid the design of an instream structure for guiding alluvial-channel flow and retaining 
sediment, yet not impeding biota (e.g., fish) movement. The considerations focus on the similitude and 
calibration aspects needed to simulate unsteady, nonuniform, sand transport along a large, braided channel. 
Key variables in this regard were flow discharge, channel slope and sand rate. The self-forming nature of 
braided channels caused the model’s sub-channels (or anabranches) to develop their own proportions in 
accordance with model-scale values of water discharge and sand transport and meant that the model was 
undistorted in channel dimensions. Observations of sub-channels at the example’s prototype site and model 
indicated the model to have replicated the morphology and behaviour of the site’s actual sub-channels well 
enough to achieve the model’s purpose of aiding the design of the instream-structure system. Results 
obtained from the model briefly describe how an initial concept proposed for the instream structure evolved 
to a final concept of instream whose performance was closely documented using the model.  The instream 
structure comprised four walls with openings that locally altered the channel’s braided morphology to a 
sinuous morphology.



Theme 2 

Snow, river and sediment 
management 
 
 

River Training and Dredging Works on Critical Sectors on the Danube River 
in Serbia 

Ms. Natalia Garcia Estevez1, Mr  Miroslav Tomin1, Mr Karim Kam1, Mr  Zoran Rašić1, Ms Lidija Andrijašević – 
Jovanović2, Mr Djordje Višić3, Mr Ivan Mitrović4 

1ACCIONA Ingenieria, Madrid, Spain, 2Government of the Republic of Serbia Department for Contracting and Financing of 
EU Funded Programmes (CFCU), Belgrade, Republic of Serbia, 3Ministry of Construction, Transport and Infrastructure 
Sector for International Cooperation and European Integration EU-funded Project Management Group, Belgrade, Republic 
of Serbia, 4Ministry of Construction, Transport and Infrastructure -Directorate for Inland Waterways - Division for 
International Project Management and River Information Services, Belgrade, Republic of Serbia 

Theme 2: Snow, river and sediment management (9), Andalucía III, junio 23, 2022, 12:00 - 13:30 

The purpose of the Project is improvement of navigation conditions on the Danube River in accordance with 
the national policy and strategy provisions and with respect to the Danube Commission Recommendations 
and EU transport system development plans in order to ensure fast, safe, reliable and environmentally 
friendly transportation, smooth flow and mobility of people. 
The Scope of this Project (designed in 2012) was to execute several river training structures (one groyne, four 
bottom sills and three chevrons) and dredging works (close to 500.000 m3) at six (6) critical sectors along the 
Danube River in Serbia, from km 1200+000 to km 1285+000. 
Due to morphological changes, river training structures has finally consisted of one detached groyne, four 
bottom sills and two chevrons executed in three critical sectors and dredging works (more than 530.000 m3). 
Dredging works have been executed at three critical sectors. 
Main Beneficiary of the works is the Ministry of Construction, Transport and Infrastructures and End 
Recipient, Directorate for Inland Waterways. Works are cofounding by EU (85%) and Ministry of Finances - 
Republic of Serbia (15%). Value of the TA: 1,703,500.00 €. Value of the Works: 7,613,554.78 €. 
ACCIONA Ingeniería has provided the Technical Assistance Services during the construction and 
implementation of the river training and dredging works, covering two components: Supervision of the Works 
and Environmental monitoring. 
Works have being executed by GROMA HOLD LTD (Bulgaria), in consortium with Water Management Business 
Company Regulacije, LLC (Republic of Serbia) and Company for Design Engineering and Construction Kolubara 
DOO (Republic of Serbia). 
This paper shows the situation in critical sectors Futog, Čortanovci and Preliv one year after the finalization 
of works, regarding the structure behavior and hydromorphological status of the river stretches.  
In all the structures, (groynes, chrevons and sills) deviations of the body are beyond allowable limits without 
negative impacts on it. The riverbanks close to the structures have been stabilized. Although sand bars 
continue appearance and growing, they are not affecting the fairway as in past. 
Several bathymetric surveys have been carried out, before, during and after works, with the purpose of verify 
how the riverbed has been modified due to the presence of the new training structures and/or the dredging 
activities in each critical sectors. The hydromorphology of each sector has been analyzed comparing the initial 
situation in 2012, when the project was designed with the zero-status prior the works in 2017, during the 
construction period (2017-2020) and one year after the finalization in each sector (2021) .  
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This has been the first time that this type of works are developed in the Danube River in Serbia. The lessons 
learned from this project could be a good initial point for future projects in this river. 
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As a key habitat feature of creeks and rivers, large woody structures (LWS) are applied more often in 
ecological motivated river restoration projects. In those cases, engineers must consider the tradeoff between 
flood safety especially in urban creeks and rivers, and ecological goals. Regarding flood safety, the stability of 
LWS are depending on characteristics including relative size to the flow cross-section, the ratio between 
length and diameter, shape, orientation, flow magnitude, and the overall hydraulic conditions. All these 
parameters must be considered to avoid the unintended mobilization of engineered LWS during floods. Major 
concepts for the proof of stability considering the lift and drag forces in given situations. The latter must be 
calculated to perform a proof of stability including all measures needed for the dimensioning of suitable 
fixations. Different approaches are available, which are often only applicable by simplifying the LWS into an 
idealized 1D/2D cylinder case. Neither alignment nor rotation in 3D space is considered. 
The general drag force equation uses an empirical drag coefficient that does not consider blockage ratio or 
orientation. This usually results in under- or overestimation of drag forces. These uncertainties in the 
associated calculation of drag forces and the choice of drag force coefficients are the focus of the present 
work. Established blockage corrections are applied, and a new term for the orientation correction 
supplements the drag force equation. The combination of the two corrections shows good agreement among 
the calculated, measured, and simulated flow forces. 
Experiments were performed in a 10 m long and 80 cm wide glass flume designed with a rough bed to ensure 
a fully turbulent velocity profile in the investigation area. Smooth PVC cylinders were used to represent 
simplified large wood. The cylinders have a fixed diameter, lengths between 20 and 40 % of the channel width, 
and were installed with rotation angles between 15 and 90 degrees with respect to the flow. Various 
subcritical conditions with different flow depths and flow velocities were investigated. A dynamic load cell 
was used to measure the drag forces in the flow direction, which was connected to the cylinder with a vertical 
round rod. 
CFD simulations were added to the study to extend the flume studies and the parameter space in further 
investigations. The experimental data were used to evaluate the accuracy of the modeling approach. In the 
current phase, the focus is likewise on the integral calculation of forces exerted on the cylinder. For the 
numerical simulations, the open-source software OpenFOAM was used. A three-dimensional, incompressible, 
and steady-state solver with a high Re k-omega SST turbulence model was selected. This configuration 
provides an appropriate prediction of flow separation and has applicable behavior in adverse pressure 
gradients.  
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The results of the analysis show that data from Planet satellites are partially usable for monitoring the effects 
of erosion and identifying erosion events. Planet's data, mainly due to their time coverage, make it possible 
to find suitable images on which the development of the soil surface before and after erosion events can be 
monitored, or even longer, the influence of erosion events on agricultural crops can be monitored. Unlike 
other satellite optical data, in most cases it is possible to find a cloudless image from the period shortly after 
the erosion event. For all erosion events, it was possible to find images on which it was possible to assess the 
erosion damage. Relatively high-quality images were available for spring or summer events. Images for 
autumn events sometimes showed poorer image quality due to the lower elevation of the Sun and thus the 
reduced intensity of sunlight. Moreover, the radiometric difference of individual images remains problematic, 
which are inconsistent due to different acquisition times and different sensor qualities, making it difficult to 
use automated image enhancement methods and probably also make it difficult to use methods of automatic 
or semi-automatic identification of erosion damages in images. 
In total, 379 Planet satellite scenes were analysed covering 54 significant rainfall runoff events with known 
erosion fluxes from the verification datasets. Most of the visible damages are showing larger rills and 
ephemeral gullies directly at the soil surfaces (at 72 scenes), so in the case of pronounced erosion it can be 
detected. On the other hand, even if the database contained only known and verified erosion effects (visible 
at aerial or UAV orthophoto), in 191 cases (50%) no effect was detectable using Planetscope. 
The analysis showed that erosion damage can be identified using Planet data. However, their identification 
depends mainly on their spatial extent and the size of erosion damage. Depending on the resolution of the 
satellite data, it is possible to identify especially ephemeral rills or rills of a larger extent. In the case of 
damages connected with sheet erosion or in the case of the development of a thinner network of smaller 
erosion rills, the manifestations are no longer visible, either on bare soil or later on crops.  
Access to Planet data was obtained through the  project ID 60639 within the ESA Third Party Missions PLANET 
program. The research is conducted within the frame of a project No. SS01020366 “Using remote sensing to 
assess negative impacts of rainstorms“, supported by the Technology Agency of the Czech Republic and within 
the H2020 project SHUi (773903). The support is highly acknowledged. 
 


