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Abstract

Driftwood is an integral part of river corridors where it plays an important role both
in river ecology and morphology. During the last decades, the amount of large wood
transported in some of the European rivers has increased, notably due to modifications
in the human pressure and management of riparian forest buffers along rivers. This
causes an increase of potential hazards for hydraulic structures and urban areas. In this
context, the aim of this thesis is to study the driftwood dynamics in rivers in order to
provide elements for hazard assessment. This is carried out in two ways: (i) using in-situ
streamside videography to measure the amount of wood transported by the river during
floods and (ii) analyzing the dynamics of individual pieces of wood both on the field and
in a well-controlled experimental environment combined with theoretical models. The
present work provides several scientific and technical contributions. First by studying
the link between wood discharge and flood characteristics, such as flood magnitude,
hydrograph and inter-flood time, we consolidate and extend the present knowledge about
the link between flow and wood discharges. Second, our studies show that when a piece
of wood is recruited into the river, it is accelerated on a limited distance, which scales
as the wood length in the flow direction. Once the wood piece reaches the flow velocity,
it behaves as a flow tracer. In terms of technical contributions, by comparing the video
monitoring technique in two different sites, we provide some recommendations that are
useful for practitioners for installing new monitoring stations. This work will be part of
the driftwood hazard and risk assessments, for which accurate wood dynamics quantities
are required.

iii
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Résumé

Le bois flottant fait partie intégrante des systemes fluviaux et joue un réle important
dans l’écologie et la morphologie des rivieres. Au cours des dernieres décennies, la
quantité de bois transportée dans certaines rivieres d’Europe a augmenté, notamment
en raison de modifications de I'occupation et de la gestion des zones boisées le long des
rivieres, entrainant une augmentation des aléas pour les ouvrages hydrauliques et les
zones urbaines. Dans ce contexte, I'objectif de cette these est d’étudier la dynamique du
bois flottant dans les rivieres afin de fournir des éléments pour I'estimation des risques.
Cela a été effectué de deux manieres: (i) en utilisant la vidéographie in situ au bord
d’un cours d’eau pour mesurer la quantité de bois transporté lors d’une crue et (ii) en
analysant la dynamique de morceaux de bois isolés, a la fois sur le terrain et par une
étude expérimentale de laboratoire complétée par des modeles théoriques. Ce travail
présente plusieurs contributions scientifiques et techniques. Tout d’abord, en étudiant
le lien entre le débit de bois et les caractéristiques de crue, telles que son amplitude, son
hydrogramme et le délai entre deux crues, nous renforgons et élargissons les connaissances
actuelles sur le lien entre les débits de crue et de bois. Ensuite, nos études montrent que
lorsqu’un tronc est pris dans la riviere, il est accéléré sur une distance limitée, d’ordre
de grandeur donné par la longueur du bois dans la direction de ’écoulement. Une fois la
vitesse d’écoulement atteinte, le bois se comporte comme un traceur de I’écoulement. En
termes de contributions techniques, se basant sur deux sites différents, nous fournissons
des recommandations utiles aux praticiens pour l'installation de nouvelles stations de
surveillance. Ces travaux s’integrent dans le cadre de I’évaluation des aléas et des risques
liés au bois flottant, pour lesquelles des quantités précises de la dynamique du bois sont
nécessaires.
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Chapter I

Introduction

1.1 Context

In the natural cycle, rivers play an important role in natural biodiversity, material con-
veyance, and morphodynamics of the earth. Transportation is one of these roles that
can be done either actively, like sailing activities or fish migration, or passively like
transportation of sediments, waste and plastic patches or pieces of wood. Among dif-
ferent materials that are transported by a river, the motion of large pieces of wood LW
in a river is important in term of carbon content or hydraulic of the flow due to their
size compare to the river width and flow depth. Large pieces of wood can modify the
river characteristics both ecologically and morphologically, which is a beneficial factor
in context of natural cycle.

During recent decades human has significantly intervenes in the natural cycle, in
limited scales like morphological changes (e.g. extension or contraction of river cross-
section, embankment of river walls, modifying the slope of the river or construction
inside or along the river), in global scale throughout the planet like climate change that
exacerbates natural disasters such as heavy rainfall and high return period floods, or
sometimes also regionally with deforestation or even afforestation, such as in European
regions with progressive depopulation and rural abandonment These human activities,
change the natural patterns in rivers and increase the points where large wood pieces
negatively affect the surrounding environment precisely in urban environment with a
high degree of morphological changes.

These changes have lead to large wood being considered as a potential hazard in
rivers and many efforts have been made to study the effects of presence of large pieces of
wood in rivers. In this context, the aim of this thesis is to quantify the potential hazards
related to the large wood pieces in two ways: by measuring the amount of wood pieces
in a river and by analyzing the dynamics of each individual piece of wood on the field
and in a well controlled experimental environment.
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2 Chapter 1. Introduction

1.2 Wood in rivers

1.2.1 The benefits of wood

Instream wood (also called driftwood) is an integral part of river corridors where it plays
an important role in both river ecology and morphology (Montgomery et al., 2003).

Instream wood enhances the biodiversity along the river because of its effects on
habitat diversification and its contribution to the food web (Wohl & Scott, 2017). Wood
is stored within the floodplain, sometimes for decades or centuries, which increases the
residence time of organic carbon (Gonor et al., 1988; Everett & Ruiz, 1993; Naiman
et al., 2002; Gregory et al., 2003; Gurnell et al., 2005; Battin et al., 2008; Skalak &
Pizzuto, 2010).

Wood also has direct effects on the river’s morphology by increasing the flow resis-
tance and by reducing sediment transport capacity. Wood can affect cross-sectional area
and water slope, by increasing the range of grain size patches. It can also change the
forces on river banks, sometimes resulting in increased rates of bank retreat and flood-
plain morphology modifications (Wohl, 2013; Rickenmann, 2012). Therefore, protecting
and re-introducing wood into the river can be used as a restoration technique on rivers
both ecologically (Wohl & Scott, 2017) and morphologically (Piton & Recking, 2015).

1.2.2 Potential hazard associated with large pieces of wood in rivers

During the base-flow normally there is almost no wood in movement in the river. Wood
discharge increases significantly during flood events (MacVicar & Piégay, 2012; Kramer
& Wohl, 2014). In a flood, the stored wood in river and in the riparian area is recruited
to the river and is transferred into the mainstream and downstream with the flow (Ruiz-
Villanueva et al., 2013). Additional green wood pieces are introduced within the river
through active physical processes such as bank erosion or mass-wasting and landsliding
(Keller & Swanson, 1979; Benda et al., 2003).

Floating pieces of wood, notably large trunks, can be responsible for damaging hy-
draulic structures and increasing flood risks due to wood accumulation around bridge
piers (Bocchiola et al., 2008; Cicco et al., 2018). Wood around bridge piers, leads to
the creation of natural obstacle that reduces the conveyance of the mainstream, which
can result in more frequent and severe overbank flows or scouring along the river (Abbe
& Montgomery, 1996) or near the bridge piers (Lagasse, 2010). Flood events in 1987
and 2005 in Switzerland or in 1997 in Venero Claro (Central Spain) are well known
examples that caused significant economic losses (Rickenmann & Zimmermann, 1993;
Ruiz-Villanueva et al., 2013; Schmocker & Hager, 2011). Figures I.1(a),(b) show two
examples of the wood accumulation around bridge piers during these two floods.

The risk associated to driftwood can be discussed more specifically in urban areas.
The increase of the flood hazard described above is associated there with a high degree
of vulnerability due to the presence of infrastructures, networks and people. Increasing
wood pieces number and size is expected to increase hazard and, for a given urban
environment, risk.
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1.2. Wood in rivers 3

Figure I.1: Wood accumulations near a bridge (a) in Sarnen, Switzerland, during 2005
flood (Schmocker & Hager, 2011) and (b) in Venero Claro, Spain during 1997 flood
(Ruiz-Villanueva et al., 2013) both caused significant economic losses.

To assess the potential costs due to logjam in river Lassettre & Kondolf (2012)
compared three scenarios, by comparing the ratio between piece length and the width of
infrastructure (bridges and culverts), for Soquel Creek, in California, USA; (i) historical
(current culvert sizes and partial-spanning bridges), (ii) current (current culvert sizes and
full-spanning bridges) and (iii) LW-passing approach whereby infrastructure is enlarged
to accommodate LW passage downstream. They show that over longer time periods
(more than 50 years), the savings and potential benefits of the LW-passing approach
increases. Therefore, passing large woods can decrease the risks in a vulnerable area like
the urban environment by decreasing the potential hazard due to logjam.

In continue, to better understand the risks associated with wood transport and de-
position in streams Ruiz-Villanueva et al. (2014b) applied a scenario-based flood model
coupled with wood budget to simulate wood transport and deposition in the eastern
massif of the Sierra de Gredos, Spain, as a vulnerable area. They identify the main
infrastructures sensitive to the passing of large wood and simulate the consequences of
their blockage due to wood. This work shows that wood transport and deposition during
flooding may increase potential damage at critical stream configurations (bridges) by up
to 50% and the number of potentially exposed people nearby these areas by up to 35%
(Ruiz-Villanueva et al., 2014b).

Based on the mentioned studies, logjam near instream infrastructure (bridges and
culverts) is a potential hazard. in this context Schalko (2017); Schalko et al. (2019)
showed the concurrent effect of flow, bridge and wood characteristics on the bridge
clogging. Regarding the bridge and flow characteristics, De Cicco et al. (2015, 2016)
showed that the shape of a bridge pier and the flow froude number can change the
probability of impact. Moreover, about the bridges without pier, Schmocker & Hager
(2010, 2011); Schmocker & Weitbrecht (2013) studied the effect of free board, flow Froude
number and the bridge shape on bridge clogging. However, there is the remaining
question one step before logjam, about the parameters driving impact between wood
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4 Chapter I. Introduction

and bridge pier.

Therefore, different researches show that different parameters such as river morphol-
ogy (Gurnell et al., 2002), flow characteristics Lyn et al. (2003), bridge characteristics
(De Cicco et al., 2015, 2016; Gschnitzer et al., 2017) and wood geometry (Schmocker &
Hager, 2010; Comiti et al., 2008) can control wood interaction with instream hydraulic
structures, exacerbate wood accumulation and increase the potential hazards related to
LW in rivers. These studies have crucial role on predicting possible hazards and reducing
the maintenance cost of instream hydraulic structures and other infrastructure near a
river.

1.3 Wood fluxes

As mentioned, during recent decades LW in rivers is considered as a potential hazard.
This potential hazard strongly depends on the amount of wood within a river and on
whether a large volume of the wood remains stationary or becomes mobile during floods
(Wohl et al., 2016). Therefore, to be able to quantify the hazards associated with
LW, it is necessary to quantify the amount of wood pieces in rivers. In this section
after introducing some fundamental definitions used in our work and the parameters
driving wood in rivers, different strategies to monitor the amount of wood in a river
are considered and finally the link between flood discharge and the amount of instream
wood is discussed.

1.3.1 Definitions

In this part, some fundamental definitions are introduced in order to follow the same
concepts throughout the thesis.

The first fundamental issue about pieces of wood in riverine environments is to
define a criterion to distinguish large woods (LW) from coarse woods (CW). One of the
widely used criterion among the literature is selecting a truncation length or a truncation
diameter. For example the range of 0.3 m to 5 m has been used as truncation length,
and the truncation diameter between 5 cm to 30 cm has been used in different studies
(Comiti et al., 2006; R.A. et al., 2004). However, as a global criterion, in most of studies,
the minimum diameter of 5 cm and minimum length of 1 m have been used to define
large wood (Wohl et al., 2010). Here to follow this global criterion, 1 m truncation length
is used as it is consistent with other similar works (MacVicar et al., 2009; MacVicar &
Piégay, 2012) and it fits well with our equipment.

The other key parameters are wood flux and wood discharge that are used to quantify
the amount of instream wood. Wood flux F, (also known as wood frequency) is the
number of wood pieces that are transported through a given cross-section per unit time.
Wood discharge Q,,, defined similarly as water discharge, is the volume of transported
wood per unit time. Both these terms are identified in high temporal resolution (e.g.
1 day, 1 hour, 1 minute or 1 second). The contrast between wood flux and discharge
is that for wood flux only the number of wood pieces are taken into account while, for
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1.3. Wood fluxes 5

Overbank flow

————7Bankfull section

Floodplain Mainstream Floodplain

Figure 1.2: Schematic view of some definitions used in this study.

Table 1.1: Units used for different definitions
Definition LW F Quw Qpr

unit m (>1m) number/s m3/s m3/s

wood discharge the volume of wood pieces have to be measured and for volume the piece
size is required. Therefore based on wood discharge it is possible to say if the size of
wood pieces are typically large or small.

Bankfull discharge Qs is an important morphological parameter and is characterized
as the flow discharge when the river is just about to spill onto its floodplain. The general
range of one to two years flood events approximate bankfull discharge (Castro & Jackson,
2001; Dury et al., 1963; Leopold, 1994; Hickin, 1968; Dunne & Leopold, 1978; Williams,
1978; Kramer & Wohl, 2014). Castro & Jackson (2001) show that 1.5 year return period
flood would be a good approximation for bankfull discharge.

The other morphological parameter that has a significant role on wood motion in a
river is the presence of obstacles in the floodplain which can be considered as a roughness
element on wood motion. Wohl & AG (2018); Pickett & White (1985) describe this
roughness element as the floodplain disturbance. For example standing trees along the
floodplain are the factors that disrupt wood movement.

Figure 1.2 shows schematically these definitions. In this figure flow discharge Q)¢ is at
Qpy, the bankfull section is totally full. Thus, by increasing the flow discharge overbank
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6 Chapter 1. Introduction

flooding starts and river flows into the floodplain. At this stage, when Q) > Qyy the
standing trees are considered as obstacles that disturb the motion of wood in floodplain.
Table 1.1 shows the units used for some of the definitions described here.

1.3.2 Parameters driving instream wood

Wood is recruited into rivers by different processes, such as bank erosion, mass wasting,
decay, collapse of trees due to ice loading, episodic forest growth and death, chronic
mortality and stream transport (Keller & Swanson, 1979; Benda et al., 2003). These
processes are highly affected by the region where wood is recruited to the stream. This
means that on the upland with confined channels, along the midlands in piedmont rivers
and in lowlands and coastal basins, different processes have the leading role in wood
recruitment processes (Gurnell, 2013; Wohl & Scott, 2017).

On the upland rivers, where the river is draining steep hill-slopes, in more than 50%,
the source of recruitment is slope instability (May & Gresswell, 2003; Rickli et al., 2018).
However, individual tree mortality, mass movements, and avalanches also play a role in
low-order, confined rivers (Wohl et al., 2019). Along the midlands, in piedmont rivers,
the dominant recruitment process from the local riparian area are bank erosion (Lassettre
et al., 2008; Bertoldi et al., 2013; Piégay et al., 2017) and wind-throw (May & Gresswell,
2003). In lowlands and coastal basins, low volumes of large woods are consistent with
the relatively young riparian stands and wood recruitment, and distribution are domi-
nated by local factors such as individual tree mortality, coupled with local bank failure
(Magilligan et al., 2008; Golladay et al., 2007; Piégay et al., 2017) with high residence
times up to 240 years (Webb & Erskine, 2003). Rickli et al. (2018) show a correlation
between mean channel width, catchment area and instream wood in mountain streams.
In any cases, especially at piedmont rivers, overbank flow in floodplain and bank erosion
play a significant role in the recruitment of the wood.

While lateral outputs to the floodplain can only occur when flood levels are suffi-
ciently high, lateral inputs include terms that are not only dependent on discharge, such
as toppling from ice, wind and fire, but sufficient water depth is needed to mobilize
instream wood and transport it through a reach (Braudrick & Grant, 2001; Bocchiola
et al., 2006). These lateral inputs from the riparian zone into the river can facilitate
formation of channel-spanning logjams that limit subsequent wood transport (Oswald &
Wohl, 2008). These channel-spanning logjams can create higher wood loads than single
dispersed pieces, and spatial density of the logjams regulates the efficiency of a reach
at trapping wood in transport (Scott & Wohl, 2018). In this process, presence of leaf
on new recruited green trees can exacerbate flow resistance near these logjams (Jalonen
& Jarveld, 2013, 2014). By comparing different plant species, Vistila & Jarveld (2014)
show that the foliated twigs drag is strongly governed by the ratio between leaf and stem
area. However, due to low sampling densities, a limited range of discharge, and a lack
of verification data to check wood transport estimates, information on the wood flux
during overbank floods is limited and the link between water discharge and the fluvial
transport of the wood remains poorly understood (MacVicar & Piégay, 2012).
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1.3. Wood fluxes 7

1.3.3 Existing techniques to quantify wood fluxes

Monitoring wood is challenging due to difficulties such as accessibility to site, connec-
tivity to remote devices and financial limitations. In many cases, especially during large
floods, access to the river is too laborious or dangerous for both operators and equip-
ment. In such cases tagging, or repeat surveys, are impossible or ineffective (Lyn et al.,
2003; Moulin & Piegay, 2004; Muste et al., 2008). In remote sensing techniques, the
connectivity is quite important. However, there are often data gaps when equipment
is not working or not installed correctly (Carbonneau & Piégay, 2012). The financial
limits are another problem in many cases. For different equipments trade-off is necessary
between quality of acquired data, speed of data transmission, required storage, and cost
(Carbonneau & Piégay, 2012).

Consequently, quantifying wood fluxes is a research topic that has been explored in
different ways based on the needed data and practical limitations. Different strategies
for monitoring wood along a river highlight variety of temporal and spatial resolutions at
different scales. Therefore, in this section after talking about study of wood at different
temporal and spatial scales, some of the methods to quantify the amount of wood in a
river are presented.

1.3.3.1 Temporal and spatial scales to quantify wood fluxes

The presence of wood in riverine environment can be studied at different spatial scales
using different monitoring techniques. Therefore, it is important to know different scales
for studying the amount of wood and the function of wood at different scales. A single
piece of large wood in a large channel, for example, will likely have only local effects,
whereas a large jam that spans a channel can influence processes and forms along an
entire stream reach (Gurnell et al., 2002; Wohl, 2011). Therefore, the effects of variation
of pieces of wood along a river can be studied at large spatial scale (10% —10° m), known
as the segment scale (Fausch et al., 2002), at medium spatial scale (10' —10% m) known
as the reach scale and at low spatial scale (10° — 10! m) known as the river unit scale
(Wohl et al., 2016).

At large spatial scale i.e. the segment scale, the effects of the wood strongly depend
on valley geometry and location within a drainage basin. In confined, steep headwater
valleys, large wood primarily affects river processes and forms. In lowland rivers with
floodplains, large wood within river also affects floodplain processes and forms. At
medium spatial scale along the stream lengths of tens to thousands of meters, large
wood can strongly influence river plan-form and morphology (Wohl et al., 2016). At
low spatial in stream lengths of a meter to tens of meters, individual pieces of the wood
or logjams create overhead cover, velocity refuges, and visual isolation, all of which are
important to fish (Fausch, 1993) and invertebrates (Wohl et al., 2016).

Often, there is a trade-off between the temporal and spatial resolution for measuring
the amount of wood fluxes at different scales. Therefore, it is important to know which
kind of data are needed, to find the best way for sampling. For example studying long
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8 Chapter 1. Introduction

term variation of wood pieces along a river should be monitored in large spatial and
temporal scale while, monitoring the biodiversity of micro habitats is done in a short
spatial and temporal scale. There are different strategies for monitoring wood along
river reaches, such as tagging, ground or aerial photography, multi-spectral and hyper-
spectral imaging, Lidar and video-monitoring (Carbonneau & Piégay, 2012). Each of
these strategies are powerful to detect some characteristics of wood in river in a certain
temporal resolution. In the following, by categorizing these strategies in low and high
temporal resolution, we introduce briefly each of these strategies to see which ones are
compatible with our goals, i.e. quantifying the wood in river during a flood event.

1.3.3.2 Quantifying wood fluxes in low temporal resolution

Among different strategies to monitor the wood fluxes and discharge in river, most of
them can monitor the instream wood with a low temporal resolution (e.g. 1 month,
1 year or 1 decade). In the field, there are many different parameters both in rivers
(Turowski et al., 2013) and reservoirs (Seo et al., 2008; Ruiz-Villanueva et al., 2014c¢)
that can be quantified in order to clarify the consequences of the presence of wood in
river e.g. density, dimensions, age, and so on. Wohl et al. (2010) summarize and define
the most important features to be considered. Here some of the most commonly used
methods are introduced.

Tagging is a technique for tracking the movement of wood pieces along river reaches
to understand the dynamics of erosion and wood transport. Tagging technique includes
painting preassigned colors at each class (Lenzi, 2004), inserting traceable plastic or
metal plates (Warren & Kraft, 2008) passive or active radio frequency identification
(RFID) (MacVicar et al., 2009) or GPS devices (Ravazzolo et al., 2013) into the wood.
Comparison between active and passive RFIDs and GPS trackers show that passive
RFID tags can be only detected at close distances from the operator (0.30 m) but they
are reliable in long time uses (more than 5 years), active RFID tags are more convenient
in larger range of detection by a portable antenna (10 to 300 m) and therefore, are more
effective to recover the woods after floods and in inaccessible places but with a shorter life
(less than 4 years). GPS trackers are costly but can identify the instantaneous trajectory
of the wood pieces in order to calculate their trajectory as well as their velocity during
a flood event (MacVicar et al., 2009; Ravazzolo et al., 2013). According to the number
of wood pieces that are tagged, always finite number of wood pieces can be monitored
in these methods. After the pieces of wood are tagged by RFID, they are tracked after
a big flood. Therefore the time and spatial resolution are limited to two points, start
and end of motion. But the trajectory of wood pieces can cover a long distance. The
positive point of GPS is, when a piece of wood is tagged by GPS it can be tracked in
high time and spatial resolution and at large spatial scale along the river.

Thanks to new platforms such as kites, microlights, drones and satellites which are
becoming widely used in riverine sciences (Lejot et al., 2007), remote sensing, using
aerial techniques is also widely used to monitor amount of wood along the rivers. These
techniques are especially effective for remote areas where access, travel costs or project
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1.3. Wood fluxes 9

costs are limited (Carbonneau & Piégay, 2012). Both multispectral and hyperspectral
cameras mounted on an airborne device are widely used on rivers. The main difference
between multispectral and hyperspectral is the number of bands and how narrow the
bands are. Wood has a clear spectral signal and is distinguishable even with a fraction
of a pixel of a spectral image (Marcus et al., 2003). Therefore, airborne and space-
borne multispectral and hyperspectral imaging systems are useful to evaluate spatial
and temporal distribution of woods at network scale (Marcus et al., 2002) as well as
detecting individual pieces of wood and piles of large woods along the river (Leckie
et al., 2005). Light detection and ranging (Lidar), mounted on an airborne device or in
terrestrial form, also have been widely used to detect large woods and logjam as well as
to provide information about wood characteristics along the river, such as orientation
and shape (Fleece, 2002; Boivin & Buffin-Bélanger, 2010). These aerial and terrestrial
platforms are usable up to a few times a day. Therefore, their time resolution is in
hour to days or even more. Depend on using terrestrial or aerial platforms and also
depend on the characteristic of the aerial platform i.e. at high elevation like satellite or
at low elevation like a drone their spatial scale is different. Additionally the amount of
monitored wood fluxes is highly depend on the elevation of monitoring and the spatial
scale that the camera is covered.

1.3.3.3 Quantifying wood fluxes in high temporal resolution

Among studies on wood mobility usually expressed in meters per year or per flood
events, works are also done on wood discharge, then expressed in m® per second or per
hour. Videography is a technique that can be used to present data per second or per
hour. Streamside videography refers to the capture of a series of images. It provides
high temporal-resolution data useful for computing rates of transport and fine-scale
relationships between wood and water discharges using a camera which is located at a
safe position from the flood on a river bank. Lyn et al. (2003) used ground cameras to
study wood delivery to a deflector upstream from a bridge pier that was sensitive to wood
trapping in order to assess its efficiency. MacVicar et al. (2009); MacVicar & Piégay
(2012) use a stream-side video camera to detect wood passage and to measure wood
discharge in the Ain River (France) over three floods within 1 to 2 year return period.
They show the feasibility of this technique to measure wood discharge, velocity, length
distribution and orientation of the woods as well as the link between wood and water
discharge. Because camera is located in a fixed position with permanent connection, and
data are recorded continuously, videography technique can monitor unlimited amount of
wood during unlimited time. A fixed camera covers a limited spatial scale. But using a
high resolution camera data can be acquired with high spatial and temporal resolution.

Measuring the transport of the wood using video cameras has significant advantages.
The wood is easily visible by the camera on river surface due to the buoyancy. The
recording of images is continuous, so it is possible to record the trajectory of wood. Video
installations can be placed where they are most useful for wood transport calculations,
such as the beginning and end of a reach where they can monitor the input and output
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Figure 1.3: Efficiency of different monitoring techniques to monitor wood fluxes in a
river.

of floating wood. Camera can be connected to network and images are transmitted to
a central location for storage and analysis. Measurements are possible during floods.
Digital cameras are relatively inexpensive, and their proliferation has driven down both
the cost of video monitoring systems and of the technical expertise required for their
installation and operation (Muste et al., 2008; MacVicar et al., 2009; Carbonneau &
Piégay, 2012). However lack of contrast between flow and floats, due to the lack of
illumination, reduces the detectability of the wood in a river. This is mostly due to
weather condition such as cloudiness, fog, rain and snow which can reduce the visibility
of the surface. Therefore, detecting wood automatically by this approach is a difficult
task. However, recently there are some efforts to detect the floating pieces of wood
in rivers (Ali & Tougne, 2009; Ali et al., 2011, 2012, 2014). But the results are not
applicable in different rivers.

Figure 1.3 summarizes different monitoring techniques based on the amount of wood
each method can monitor and the typical time resolution in each method. Additionally
the spatial resolution and spatial scale that each method is applicable is presented by
the markers. Note that the difference between fixed streamside videography with other
terrestrial techniques is that normally in different terrestrial techniques, the devise is
fixed on the terrain temporarily while in fixed streamside videography technique as the
camera is not so expensive, it is possible to use camera permanently. Therefore, using
the fixed streamside videography technique it is possible to monitor unlimited amount
of wood with high time resolution.

I.3.4 Wood discharge during a flood

Flood discharge plays a significant role on bank erosion, mass wasting events such as
landslides and debris flows, and extraction of buried wood (MacVicar & Piégay, 2012).
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1.3. Wood fluxes 11

Wood discharge increases significantly during flood events, and many studies show that,
during a flood, Qps plays a crucial role on the relation between wood fluxes and flood
discharge (Wohl et al., 2018; Oswald & Wohl, 2008; Wohl et al., 2019; MacVicar &
Piégay, 2012; Ruiz-Villanueva et al., 2016).

For the discharges less than )y, increasing flow discharge increases the water depth,
the wet area and the mean velocity of the channel. MacVicar & Piégay (2012) show
that increasing water level causes the volume of floating wood increase and river banks
are progressively inundated. At this stage, bank erosion is minimal and it is expected
that the majority of the wood results from the mobilization of storage within river,
where wood is available on the bars due to deposition during the previous flood and tree
mortality in the inter-flood period.

While for debris flows and coarse wood pieces there is a direct relation between Q)
and float discharge (Lenzi et al., 2011; Turowski et al., 2013), for large wood pieces by
exceeding flood discharge from ()¢, wood can flow through the floodplain. This results
in a nonlinearity on mobilization and storage of the wood fluxes (Wohl et al., 2018;
Oswald & Wohl, 2008; Wohl et al., 2019). Ruiz-Villanueva et al. (2016) show that the
ratio between wood pieces transported downstream the studied reach and total inlet
logs increases with discharge until it reaches an upper threshold equal to bankfull dis-
charge, and then decreases or increases much more slowly. This stage of wood motion is
important because storage and blockage are more likely during the movement of numer-
ous wood pieces together, named as congested motion of wood (Braudrick et al., 1997;
Ruiz-Villanueva et al., 2019). When sufficient pieces of wood are moving simultaneously,
individual pieces interfere with the transport of adjacent pieces (Wohl, 2013).

Wohl et al. (2018) show that floodplain obstacles referred as river disturbance inten-
sifies the wood storage from the river towards the floodplain, resulting in longitudinal
nonuniformity of the wood distribution. Figure 1.4 is an example of the effect of obstacles
due to the presence of standing trees on the floodplain jams. In this figure it is seen that
by increasing flood discharge into the floodplain in the high-magnitude disturbance sites,
the distribution of floodplain wood jams corresponds to the presence of standing trees on
the floodplain. High quantities of wood pieces in the floodplain can be buried in alluvial
deposits and so are available for remobilization by bank erosion and lateral migration of
river channels during the next floods (Nanson et al., 1995; Brooks & Brierley, 2002). The
effect of standing trees in floodplain has been also studied experimentally by Bocchiola
et al. (2006) using vertical rigid obstacles in a flume show the same results in term of
local logjams around the standing trees. However, it is difficult to precisely predict the
size and residence time of individual jams (Wohl et al., 2019). In the low-magnitude
disturbance sites however, the wood load and the number of jams are much greater in
the channel than on the floodplain (Wohl et al., 2018).

Fig. 1.5(a) compares the effect of increasing the flow discharge on two different
kinds of woody materials carried by rivers in a schematic view based on Turowski et al.
(2013) (for coarse wood CW) and MacVicar & Piégay (2012) (for large wood LW).
As it is seen in this figure, the discharge of CW is always increased by increasing flow
discharge. Turowski et al. (2013) proposed a rating curve of the form Q,, = aQY, with
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12 Chapter 1. Introduction

Figure 1.4: Example of floodplain jams pinned by living vegetation along (from Wohl
et al. (2018)). Flow is from left to right, as indicated by white arrow; channel is at rear
of photo, and person for scale is within white oval at right of upstream-most jam.

a = 4.42 x 10715 and b = 4.47 for coarse wood (schematized by a dashed line in Fig.
L5(a)).

While in the case of coarse wood @, has a direct relation with )y, for the large
woods MacVicar & Piégay (2012) found a big non-monotonic behavior at Qs for large
wood discharge. They used a three stage model with RMS error of 16% compared to the
field data on the Ain River (solid line in Fig. 1.5(a)), to illustrate this behavior. As it
is seen in this figure they proposed two thresholds for the relation between @, and Qy,
the first one for the start of wood motion and the second one for the maximum value of
wood discharge. In this model wood mobilization occurs at 0.67 bankfull discharge Q.
Then the wood discharge increases with a linear positive trend until Q)5 beyond that
wood transport rates are considered to be insensitive to flow discharge. In the third stage
during the falling limb of the hydrograph, wood discharge has a constant value, much
smaller than the rising limb (Fig. 1.5(a)). By presenting the proportion of mobilized
wood as a function of the flow discharge, Kramer & Wohl (2017) show almost the same
pattern for the probability of wood mobilization (Fig. 1.5(b)) with a sudden increase
at bankfull discharge from 30% to 80% (Fig. 1.5(b)). Note that MacVicar & Piégay
(2012) (Fig. I1.5(a)) measured instantaneous discharge of newly recruited wood on an
actively eroding meander bend while Kramer & Wohl (2017)(Fig. 1.5(b)) measure the
ratio between mobilized wood and total stored woods. Kramer & Wohl (2014) reported
0.8 bankfull discharge for the inception of a significant wood mobilization.

In addition to some key discharges e.g. 0.67 Qpf, Qpr and @Qpqz, the temporal vari-
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Figure 1.5: Effect of the flow discharge on wood mobility. a) Comparison between wood
and flow discharges for two different kinds of woody materials carried by rivers: (i) large
wood LW based on bankfull discharge Q05 as reference value, adapted from MacVicar &
Piégay (2012)(solid line) and (ii) coarse wood CW adapted from Turowski et al. (2013)
(dashed line). b) Possible mobility thresholds outlining a mobility envelope based on
(Kramer & Wohl, 2017). Note that both figures are schematic and the values are not at
scale

ation of flood, known as the flood hydrograph, is another effective parameter on the
nonlinear relation between wood fluxes and flow discharge so that at similar discharges,
larger wood is transported during the rising limb (first and second stage on Fig. 1.5)
than during the falling limb (third stage on Fig. 1.5) (MacVicar & Piégay, 2012; Kramer
& Wohl, 2014; Ruiz-Villanueva et al., 2019). MacVicar & Piégay (2012) describe this
effect as a hysteresis effect and show that due to this phenomenon wood transport dur-
ing the falling limb is about one quarter of the rate during the rising limb (Fig. 1.6).
For further discussion, we can add, the wood may deposit in some locations such as
the channel margins during the falling limb, but the increasing depth of water means
that they are likely to be remobilized during the next flood event (Wohl et al., 2018).
Therefore, if flood occurs in areas such as outer banks, rising water levels cause the wood
to be mobilized more than falling water level.

I.4 Dynamics of a single piece of wood

In the previous section, it is showed that nowadays wood fluxes are considered as a
potential hazard in rivers and it is seen that flood discharge is the main factor, governing
the wood fluxes in rivers. Once large wood mobilized, hazard is dependent on the
individual motion of wood pieces. The dynamics of an individual piece of wood is
important because modeling the motion of the wood is a useful tool for deciphering
complex morphological processes related to the large woods, and knowing the dynamics
of a single piece of wood help us to better understand the interaction between wood and
instream hydraulic structures, e.g. bridge piers or retention structures.
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Figure 1.6: Comparison between flood discharge (line) and wood discharge (squares)
show that there is more wood during the rising limb than the falling limb (MacVicar &
Piégay, 2012). The grey areas are the night time when wood detection is not possible

The motion of floating wood at the flow surface can be predicted by two different
approaches: (i) a “kinematic” approach considering that the object acts as tracers fol-
lowing the flow and (ii) a “dynamic” approach based on the forces acting on the object.
In the following both approaches are reviewed.

I.4.1 Kinematic approach

In the kinematic approach, it is assumed that the piece of wood moves like a passive
tracer in a river with the same velocity as the surrounding flow and the wood’s trajectory
is identical with the river streamlines. In particular due to its small computational
costs, this approach has been used in different fields to model the motion of a solid
particle in a fluid environment. For example, in oceanography, the kinematic approach
has been applied to simulate transport and accumulation of marine debris, providing
consistent results with data extracted from different cleaning operations as benchmarks
(Hainbucher et al., 1987; Mansui et al., 2015). This approach has also been tested in
a recent study of wood motion in rivers (Ruiz-Villanueva et al., 2014a). In this study,
the authors use a “semi-tracer” model assuming that the floating pieces of wood have a
velocity slightly lower than that of the flow. This model provides a good agreement with
experiments, showing that this approach is able to predict and simulate the deposition
locations of the wood along the river and to reproduce the interaction between wood
and infrastructures.

Additionally, there are some evidences on the field that confirm this approach.
MacVicar & Piégay (2012) compare the wood and flow velocity across the river and
show that the wood pieces across the river have the same velocity as the flow. Figure 1.7
is an example that confirms the agreement between flow surface velocity measured by
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Figure 1.7: Boxplot of velocity of the wood pieces at discharges between 800 and
1000 m? /s compared with velocity measures by Large-Scale Particle Image Velocimetry
(LSPIV) measurements at discharge equal to 895 m?/s and by 2D hydraulic modeling
on the Ain River (MacVicar & Piégay, 2012).

Large-Scale Particle Image Velocimetry (LSPIV) and wood velocities (Boxplots) even
near the right bank where the velocity gradients are visible. One can note that using
passive surface tracers is commonly used as a proxy for measuring surface velocities in
laboratory experiments (Meselhe et al., 2004; Bieri et al., 2009) or in the field (Fujita
et al., 1998).

1.4.2 Dynamic approach

On the other hand the dynamic approach is based on Newton’s second law and requires
to compute the forces exerted by the fluid on the object. Such an approach is widely
used for describing the motion of particles fully immersed in turbulent flows (Toschi &
Bodenschatz, 2009; Balachandar & Eaton, 2010), and relies in the general case on the
Basset-Boussinesq-Oseen (BBO) equation, describing the advection of a solid spherical
particle in an unstationary and nonuniform flow (Maxey & Riley, 1983).

The BBO equation is valid for small particles compared to the flow scales, and was
initially derived at zero particulate Reynolds number so that Re, = |v—u|D/v, where D
is the diameter of the object and v is water kinematic viscosity. This equation is validated
experimentally for the Re, up to 1 for a solid spherical particle by Bergougnoux et al.
(2014). This study showed that for low particulate Reynolds numbers, the experimental
trajectories agree well with the BBO equation.

This equation has been extended for nonspherical objects and for moderate to large
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Re,, (Magnaudet, 1997; Yin et al., 2003; Mandg et al., 2007; Mandg & Rosendahl, 2010;
Benitz et al., 2016). Results show that by some modifications such as using quadratic
drag force or adding the lift force to general equation, this model works well for large
Reynolds nonspherical objects. At larger values of the Re, (up to 10%), quadratic ex-
pressions for the drag and lift forces provide accurate results (Howe, 1995; Magnaudet &
Eames, 2000). These results are not restricted to spherical objects, and several studies
have shown that the BBO model equation is indeed valid also for rod- and disk-like par-
ticles (Voth & Soldati, 2017; Yin et al., 2003; Mandg & Rosendahl, 2010). Whereas most
studies based on this dynamic approach consider immersed particles (neutrally buoyant
or not), only a few use this approach to the case of objects floating at a free surface.
Recently, Persi et al. (2018a,b) showed that a surface version of the BBO equation pro-
vides accurate modeling of the same experimental trajectories in a meandering channel
flow as those of Ruiz-Villanueva et al. (2014a).

1.4.3 Effective parameters on impact process

In front of an obstacle in addition to the interaction between flow and piece of wood which
can be modeled either by kinematic or dynamic approaches, the additional complexity
due to the interaction between obstacle and wood piece should be taken into account.

The effect of the characteristics of bridge structures with or without pier on the
process of impact has been studied, and it is shown that the shape of baffle on a bridge
and the geometry of the bridge pier both play role on the impact process (Schmocker &
Hager, 2011; Lagasse, 2010; Cicco et al., 2018).

Wood geometry in the field is associated with complexities and irregularities such
as roots or branches. Increasing the irregularity of log shape is also likely to increase
probability of impact (Schmocker & Hager, 2010; Cicco et al., 2018). Presence of root
or branches increase the stability of the wood in river (Braudrick & Grant, 2000; Comiti
et al., 2008). Moreover, Braudrick & Grant (2000) studied the effect of log orientation
and show that pieces oriented parallel to flow are more stable than pieces perpendicular
to the flow. In summary it seems that in addition to the wood dynamics in the river,
both wood and bridge characteristics play role in the process of impact.

I.5 Objectives

Based on the aforementioned statements, to be able to quantify the potential hazards
associated with large wood in a river, it is important to study the amount of wood pieces
in a river as well as the motion of each single piece of wood. Therefore, here we follow
two main objectives:

1- Correlation between driftwood discharge and flood characteristics.

For quantifying the amount of wood, the wood fluxes should be monitored in the
river. Therefore, the chapter II of this thesis is dedicated to quantify the amount of
wood in a river using streamside video monitoring technique on the field, in order to
validate or modify the existing pattern between @, and @Q; (Fig. 1.5(a) on the Ain
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River) by measuring the wood discharge during two floods with discharges more than
Qvs, on the Isere River (France). The other objective of this chapter is to find a link
between some easy access parameters like flow discharge, wood fluxes and the inter-flood
time and the wood discharge as a more complex parameter.

2- Motion of an individual piece of wood in a river.

It is also mentioned that it is necessary to study the dynamics of each individual piece
of wood in order to be able to analyze the behavior of wood fluxes in a river . Therefore,
the chapter III of the thesis is a combination of field work, experimental measurement
and numerical model in order to study the dynamics of an individual piece of wood in
river. For modeling the motion of a floating wood in river, comparison between kinematic
model and dynamic model raises the question of finding a criterion for the validity of
the kinematic approach as using this approach is much simpler and faster for calculating
wood transport in a river. Therefore, our main dedication at this part is to analyze
the validity of both approaches in order to provide conditions under which a piece of
wood would behave as a flow tracer. Additionally, as the second goal of this chapter,
the effect of wood dynamics and geometry complexities are considered experimentally
as the effective parameters on impact process.
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Chapter 11

Correlation between driftwood
discharge and flood characteristics

This chapter aims at assessing a method for estimating some wood characteristics such
as log length, wood fluxes and discharge during flood events to be able to connect them
to the river flow characteristics. Since the significant wood recruitment and transport
are mainly related to flood events, it is worth searching for a method to assess wood
flux in a safe way and far from the river. In the present work, we decided to focus on
a video surveillance technique from the river banks. To do so, we provide data from a
new camera located on the Isere River, near Grenoble.

The chapter is organized as follow. The first section presents the study site on the
Isere River parallel to a site previously studied by (MacVicar & Piégay, 2012) in order
to test the generality of the method. Second section is thus devoted to the measurement
techniques e.g. principle, new incomes compared to previous studies, image processing,
correction methods and uncertainties. The third section exposes the results concerning
wood size, wood fluxes and finally the wood discharge. Fourth section discusses physical
aspects, notably the link between wood, flood discharge and inter-flood time; it also
explores the possibility to obtain the wood discharge using simpler direct measurements,
as the wood flux.

II.1  Study sites

IT1.1.1 Ain River site

Before introducing the new field experimental site, we remind here the site previously
used by the team (EVS) on the Ain River, France (Fig. II.1). The Ain River is a
piedmont river with a drainage area of 3630 km? at the gauging station of Chazey-sur-
Ain, with an active channel width of 65 m, a mean slope of 0.15%, and has a mean
annual discharges of 120 m3/s. The lower Ain river is characterized by an active channel
shifting within a forested floodplain (Lassettre et al., 2008). Based on MacVicar &
Piégay (2012), the bankfull discharge at the local scale on study site is 530 m?3/s. Here,

19
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Table I1.1: Conditions at a local level

. Coordinates (m) Watershed Mean slope . Flow discharge Q; (m®/sec)
River Sinuosity
East North Area (km?) (m/km) Qannual Q1 Qvy Q2 Qs Qo
Isére 717482 5008613 5720 1 1.1 179 475 550 590 770 900
Ain 673226 5086106 3630 1.5 1.5 120 715 840 900 1200 1400

Table I1.2: Brief report of five monitored floods
Flow discharge )y Max daylight Q; analyzed

River Date Color Symbol
m3/sec  year m3/sec  year video
Istre 03 to 06/01/2018 808 6.5 670 2.6 40 hr dark blue I-JAN18;
20 to 23/01/2018 563 1.5 563 1.5 40 hr light blue I1-JAN18,
22 to 24/11/2007 578 0.6 578 0.6 6 hr 15 min  yellow A-NOVOT7
Ain 10 to 12/12/2007 616 0.7 616 0.7 3hr45min orange  A-DECO7
10 to 13/04/2008 1050 3 1006 2.3 7 hr 45 min  red A-APROS

to have a same criterion on both rivers, the 1.5 year flood is used as an approximation
for the bankfull discharge all along the river. For the Ain River, 1.5 year flood is 840
m?/s. The survey period on this river was from February 2007 to June 2008. During this
period, three floods were studied, including two slightly lower than the bankfull flood in
November and December of 2007 (A-NOV07, A-DECO07) and a third flood in April 2008
(A-DECO08) with a 3 year return period (MacVicar & Piégay, 2012). All the monitoring
data on the Ain, used in this thesis, were collected from MacVicar & Piégay (2012).
Table II.1 provides a summary of hydrological information and local conditions on both
studied rivers, based on 60 years data. Table I1.2 provides a brief report of monitoring
wood flux during 5 floods on both rivers.

I1.1.2 Iseére River site

The study site is located on the Isere River at Grenoble, France. With a snowy-rainy
regime, the Isere River is one of the main tributaries of the Rhone basin. The Isere
River flows from the western parts of the Alps through a mountainous and steep valley
to Albertville, after which it flows south for 90 km through a wide alluvial plain until
Grenoble. In the alluvial plain, river has been embanked, affected by intensive gravel
mining in the bed, and vegetation encroachment (Jourdain et al., 2017; Serlet, 2018;
Serlet et al., 2018). Upstream from Grenoble, the Isére River is composed of two main
tributaries, the Arly and Arc Rivers (Fig. I1.2). The length of the river to the studied
area is 150 km and the catchment area is 5720 km? (www.hydro.eaufrance.fr). The 1.5
year flood, as an approximation for bankfull discharge for the Isére River, is 550 m?/s.
The river has a steep slope of about 5% upstream of Albertville, and then with a mild
slope about 0.1% goes to the Rhone River. The average total annual rainfall in this
basin is about 986 mm. The monthly discharge of the river in a period of 60 years in
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Figure I1.1: Previous study site, located on the Ain River at Chazey sur Ain. Camera
is installed on the station and its view angle is presented by the purple triangle. The
maps are taken from (www.openstreetmap.org) website.
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Table I1.3: Surface velocity measurement on the Isere River

Flow discharge m3/s Surface velocity m/s  River

Date

mean daily max surface average max width m
15/11/2017 100 166 1.09 1.41  54.50
05/01/2018 678 808 2.00 2.65 75.64
23/01/2018 500 555 2.00 2.56  71.38
24/04/2018 350 434 1.81 2.26  69.08

Grenoble is 179 m3/s and the annual volume of the river discharge is 5.6 km?® (Table
I1.1).

A hydrology station is placed on left bank of the river in Grenoble, Campus of Uni-
versity Grenoble Alpes. The station is located along a mild meander with sinuosity of
1.1. The data at the gauge near the station is used to estimate the rating curve (Fig.
I1.3(a)). Streamwise surface velocity is measured at four discharges using Large-Scale
Particle Image Velocimetry (LSPIV) and bathymetry was obtained from the simulta-
neous Acoustic Doppler Current Profiler (ADCP) measurements by a private company
(TENEVIA. Co) (Fig. I1.3(b)). Table II.3 shows a brief summary of surface velocity
measurement on the Isere River.

Continuous water level information has been recorded at the station from 1980 and
then it is converted to discharge available on (www.hydrobanque.com) website using the
rating curve of station(Fig. I1.3(a)). As it can be seen in Fig. II.4 during this period the
maximum flood happened on 2/5/2015 with Q4 = 966 m? /s and mean daily discharge
of 863 m? /s. In total, 8 events with Q4 > 800 m? /s have been recorded. The study
period on January 2018 contains two flood events. The first event from 3 to 6 Jan 2018
with Qmaz =808 m? /s and a second event from 20 to 23 Jan 2018 with Q0. =563 m?/s.
The studied periods are indicated on Fig. I1.4.

Isere River is a watercourse that has potential of wood recruitment and transporta-
tion. The main source of this instream wood on the Isére River is bank erosion (Le Lay
& Moulin, 2007; Piégay et al., 2017). Based on this study, fresh trees with attached
leaves are not frequent in this river. On the Isere River, in many cases, the wood is
deposited near its recruitment point, so that half of the observed woods by Piégay et al.
(2017) are trapped after 15 km from the recruitment point and 80% of them after 35 km.
In this basin the characteristics of instream deposited woods do not change significantly,
but there is high variation in temporal mobilization and deposition in term of species
and size (Piégay et al., 2017). Additionally, recruitment process is strongly influenced
by the channel size, and active bank erosion, as the main mechanism of production of
instream wood on this study area, occurs during frequent floods (Qmaz < Q10) where
Qmaz is the maximum flow discharge and Q¢ is the 10 years return period flood (Piégay
et al., 2017). As a consequence, there is a potential hazard in term of wood pieces dur-
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Figure I1.2: Study site, located on the Isere River at Grenoble, the campus of University
Grenoble Alp. Camera is installed on the station and its view angle is presented by
purple triangle. The maps are taken from (www.openstreetmap.org) website.
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Figure I1.4: Recorded daily discharges on the Isere River (www.hydrobanque.com).
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Figure I1.5: Example of the field of view of the camera on the Ain River (a) and on the
Isere River (b).

ing different flood events on the Isere River, which makes it necessary to monitor it and
quantify the amount of wood in this river.

I1.2 Material and Methods

As it is mentioned in the introduction, different observations in the river show that during
the base-flow in a river wood discharge is negligible (MacVicar & Piégay, 2012; Kramer
& Wohl, 2014). Wood discharge increases significantly during flood events and decreases
very fast by decreasing flood discharge. Therefore, to study the wood mobilization in
river, it is more efficient to monitor the pieces of wood during flood events. That’s why
here a flood event is selected as temporal framework to monitor wood discharge. To be
able to capture this temporal framework, the temporal resolution of minutes to hours
is needed. Therefore, monitoring pieces of wood at the surface by video monitoring
technique would be the best strategy in this work. In the present section the material
and methods to assess wood fluxes on the river by this method are described.

I1.2.1 Camera

The camera used on the Ain River, was an AXIS221 Day/Night”™ with the resolution
of 800 x 600 and at a maximum frequency of 5 Hz. The camera is located on the side
of the river closest to the thalweg and the height of the camera is 9.8 m above the base
flow, at Easting of 673226 m and Northing of 5086106 m. There is a bridge pier in the
middle of the river upstream of the field of view, which is supposed to affect the motion
of the wood. Figure I1.5(a) is an example of the field of view of camera on the Ain River.
On this figure, the date and time of detection, the upstream bridge pier and a piece of
wood are presented.

The new camera, used in present study, is an AXISP3346 camera, installed at the
gauging station on the Isere River(Fig. II.5(b)). This camera has a resolution of 800
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x 600 and is set to record the water surface at a frame rate of 5 Hz. The camera is
located at an elevation of 220.6 m above sea level, which is 8 m above water level at
bankfull discharge, at Fasting of 717482 m and Northing of 5008613 m. The camera is
on the outside of a bend among a meander with a radius of 0.75 km, and looks out across
the river. The location was chosen because a gauging station is already operating and
equipped with internet access. In addition, the site is located on a high embankment
on the outside of a bend. The station is located 150 m downstream of a bridge without
middle pier, which is expected to have little effect on the flow patterns. This camera
which is operated by laboratory LTHE of Grenoble, was connected to EVS, in Lyon, on
December 2018 by an Intranet connection with a live access. Figure I1.5(b) shows the
position of the gauging system and of the station in a frame from this camera. Next
section details how relevant information is obtained from the videos.

I1.2.2 Detection process

The first wood characteristic to measure is the so-called “wood fluxes”, i.e. the number
of the wood pieces per unit time. As mentioned in chapter I lack of contrast between flow
and floats due to the different factors such as lack of illumination or weather condition
make it difficult to detect wood automatically on a river. Though there are some works
to detect the floating pieces of wood in rivers the results were not accurate on the Isére
River (Ali & Tougne, 2009; Ali et al., 2011, 2012, 2014). With this purpose, a manual
algorithm is implemented in Matlab R2017a, reproducing the one used by MacVicar &
Piégay (2012), to record wood pieces and their trajectories within the monitored stretch.

In this manual algorithm, video is stopped by the user when a piece of wood is visible.
Both ends of the wood piece are recorded using the screen cursor as shown in Fig. IL.6.
The video is then advanced frame by frame and the endpoints of the wood are relocated
using the screen cursor to provide detection at each frame. The object is detected
frame by frame because increasing the number of detection reduces the uncertainty of
detection (more information in section 11.2.4.3). As each object is repeatedly detected,
a specific code was assigned to each object to distinguish between different objects. By
this method the number of the woods and consequently the wood fluxes are measured
for each flood. Note that though camera has 5 Hz frame rate to be able to check long
videos, 1 Hz frame rate is used in manual detection.

Because wood sensing has been done by two different observors (B. MacVicar on the
Ain, H. Ghaffarian on the Isére River), the observer bias is estimated by comparing the
two observers wood detection results on a common set of videos. A comparison of the
number of the wood pieces detected by each operator for 12 different 15 minute long
videos is shown in Fig. I1.7. Based on this figure, the R? measured by the 1:1 line is 0.96,
which meaning that there is a good agreement between different operators in detecting
the woods. However, the operator bias was thought to be less than 10%, which is a
source of uncertainty in this study. To conclude, a direct use of the videos provides the
number of the wood pieces, and by extension the wood fluxes, with a precision estimated
to about 10% due to the operator.
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Figure I1.7: Bias of observers on wood detection on a set of videos compared with [1:1]
black line.
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Figure 1II.8: Basis of fisheye correction on a chessboard in Matlab
ComputerVisionToolbox?™ toolbox (www.MathWorks.com).

I1.2.3 Correcting fisheye lens distortion

After detecting wood on videos, we then correct the fisheye lens distortion. A fisheye
lens distortion is a characteristic of the lens that produces visual distortion intended
to create a wide panoramic or hemispherical image. This effect has been corrected by
a standard Matlab process using the ComputerVisionToolbox”™. To solve fisheye lens
distortion by ComputerVisionToolbox”™ | some steps have to be followed. First, by
moving a chessboard in front of the camera, some frames from different distances and
different angles have to be collected. More images with different angles and distances
from the camera, reduce the errors. The toolbox loads these frames and detects the
chessboard cross-sections automatically. The cross-sections of the chessboard provide a
network and the curvature of the image is detectable on each line of the network as it
can be seen on Fig. 11.8(a). The Matlab toolbox then finds the correction matrix and
apply it on the image so that all curved lines become straight as it is shown in Fig.
I1.8(b). Following correction of curvature of lines on the chessboard, the fisheye effect is
removed throughout the figure.

On the field the same process has been implemented. As it is seen on Fig. 11.9 a 13
x 10 chessboard with 80 mm squares is used for fisheye correction. An operator moves
the chessboard in front of the camera and in total 40 frames were used to correct the
fisheye lens distortion.

An example of the image before and after fisheye correction is shown in Fig. I11.10. As
it can be seen on this image, after correcting the fisheye lens distortion, the curved bank
of the river becomes a straight line. Note that as in correcting fisheye effect some parts
of the image are stretched, the size of frames increase from 600 x 800 to 810 x 1080.
After correcting the fisheye distortion on all frames, in the next step the points on the
image are rectified and transformed to real metric coordinates using orthorectification
process.
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Figure 11.9: Using a chessboard on the field to correct the image fisheye distortion on
video frames.

Figure I1.10: An example of the video frames on the Isere River before and after cor-
recting fisheye distortion.
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Figure I1.11: GCPs measured on both sides of the river (a) in pixel coordinates as it is
seen in video and (b) in metric coordinates as it is seen on the field.

I1.2.4 Orthorectification

11.2.4.1 Introducing orthorectification

Ground-based cameras have an oblique angle of view, which means that pixel to meter
correspondence is variable and images should be orthorectified prior to analysis (Muste
et al., 2008). Orthorectification refers to the process by which image distortion is re-
moved and the image scale is adjusted to match the actual scale of the water surface.
Orthorectification is accomplished by applying an appropriate image photogrammetric
transformation (Mikhail & Ackermann, 1976), using known coordinates of Ground Con-
trol Points (GCPs). Ground Control Points (GCPs), also known as Ground Reference
Points (GRPs), are defined as points on the surface of the earth of known location used
to geo-reference the image. Here, 19 GCPs measured along both sides of the river using
a Differential Global Positioning System (DGPS) Trimble RTK 5800 and white square
targets that are visible in the image as shown in Fig. II.11 and presented in Table II.4.
A DGPS is an enhancement to the Global Positioning System which provides improved
location accuracy. On this figure, the GCPs are presented both in pixel coordinates, like
what we see in an image (Fig. II.11(a)) and in metric coordinated (Fig. II.11(b)) with
respect to the camera position at 0, 0 coordinates.

For orthorectification, two methods were implemented; first, we used the same method
as MacVicar & Piégay (2012) based on the transformation matrix proposed by Fujita
et al. (1998). After rectifying the images, comparison between rectified image and metric
points shows a big difference of about 30 m, as shown in Fig. I1.12. This difference would
be due to some reasons: firstly, in the transformation matrices proposed by Fujita et al.
(1998) there is not the effect of different elevations. Therefore, all GCPs are assumed
to be at the same elevation while in our case GCPs are located at different elevations.
Also, on this method, the best configuration of GCPs is when a homogeneous network

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2019LY SEI094/these.pdf
© [H Ghaffarian Roohparvar], [2019], INSA Lyon, tous droits réservés



I1.2. Material and Methods 31
Table 1I.4: GCP coordinates in pixel and metric coordinates

GCP Detected on image Transformed from image Measured by DGPS Error
code i(pixel) j(pixel)  X(m) Y(m) X(m) Y(m) Z(m) X(m) Y(m)
1 481 668 -3.4 1.8 -1.0 2.6 -4.9 2.4 0.7
2 636 678 -1.3 4.2 0.3 4.6 -7.8 1.6 0.5
3 775 568 1.1 7.1 2.1 6.8 -7.3 1.0 0.3
4 869 510 3.1 9.3 3.6 8.4 -72 05 0.8
5 1038 616 5.4 6.9 5.3 6.6 -7.0 0.1 0.3
6 220 142 -50.6  56.1 -50.7  56.2 -10.8 0.2 0.0
7 256 141 -47.6  58.2 -47.9 585 -109 0.3 0.3
8 291 137 -44.9  60.7 -45.1 609 -10.8 0.1 0.2
9 352 132 -39.6  64.7 -39.7 65.0 -10.7 0.1 0.3
10 376 131 -37.4  66.3 -374  66.4  -10.7 0.0 0.1
11 395 130 -35.6  67.5 -35.6 677 -10.8 0.1 0.2
12 453 119 -30.7 735 -30.6  73.3 -10.2 0.1 0.2
13 487 117 =275 770 -274 76.7  -104 0.1 0.3
14 516 115 -24.7 795 -24.5  79.2 -10.4 0.3 0.3
15 198 118 -52.6  56.2 -52.7 563 86 0.1 0.1
16 252 112 -48.9  60.3 -49.3  60.6 -8.4 0.4 0.4
17 354 117 -40.3  66.9 -40.5 670 -95 0.2 0.2
18 494 110 -27.2 789 =271 787 9.9 0.1 0.2
19 524 122 -23.2  78.6 -22.6  76.5 -11.0 0.6 2.1
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Figure I1.12: Orthorectification results based on Fujita et al. (1998) transformation
matrix using GCPs at different elevations. Arrows indicate the distance between real
coordinates of the GCPs and the orthorectifyed data on a frame.

of points spreads throughout the image. In riverine environments, collecting GCPs at
the middle of the river requires boat. But stabilizing the boat and collecting a network
of GCPs across the river and in different heights is difficult and laborious. Thus we used
another method which is explained in the following.

11.2.4.2 Rectifying process

The second method used for rectifying the images is assuming a virtual camera on the
image and estimating the position of the camera and of its principal point (center of
view). In this approach, there are 6 unknowns on virtual camera positioning: three
coordinates (X, Y, Z) and three orientations (roll, pitch and yaw angles) as shown in
Fig. I1.13.

After collecting GCPs in real coordinates (X, Y, Z), the points are plotted in 3D co-
ordinates (Fig. I1.14(a)) with perspective projection. Removing grids from Fig. I1.14(a)
resulting in a 2D projection of the points on a plane (blue points in Fig. 11.14(b)), which
can be compared with what can be seen in the field image as GCP (red points in Fig.
I1.14(b)). By changing the position and angle of the virtual camera on Fig. II.14(a),
the best match between 2D projected points and field GCPs is found. The best mach is
measured so that on total, the distance between 2D projected points and field GCPs on
the image (in pixel) multiple by the distance of the image from the camera (in meter) is
minimized. Note that here we did not simply use the least square method because one
pixel error on the points far from the camera causes much more error than the points
near the camera. Therefore the distance of each point from the camera is used as weight
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Figure I1.13: Six unknowns, three coordinates (X, Y, Z) and three orientations (roll,
pitch and yaw angles), on virtual camera.

on measuring error.

After identifying the virtual camera position, knowing the elevation of a point it
is possible to transfer projected point anywhere in the field images to real coordinates.
Note that the elevation of points in the images are known by transforming flow discharge
to water depth using rating curve. The red points on Fig. 11.14(c) represent the detected
GCPs on video frame in metric coordinated. The precision of the method is evaluated
by comparing these points with DGPS points (blue points on Fig. 1I.14(c)). All GCPs
with corresponding error are presented in Table I1.4. The average difference between
transformed and measured points is 0.4 m with standard deviation of 0.5 m. There
are different sources of error cause the difference between transformed coordinates from
the image and the measured points by DGPS, such as error on detecting the ¢, j points
on the image, error on DGPS and errors on fisheye correction. Note that some coding
optimization in the future could decrease the time to find the virtual camera position,
which is about 12hr currently.

The most important benefits of this approach in riverine environments are: The
output of this method is a matrix, for all desired elevations (Fig. II.15 ), that can
convert any pixel point in the image to a metric local coordinate. Note that on this
image, to be able to present transformation matrices clearly, the Z axis, in vertical
direction, is exaggerated, but the water level was typically at Z=-10 m (the first plane
on the image). Based on this figure the objects seems bigger for higher water levels.
The other positive point of this method is that with this new procedure, an acceptable
accuracy can be obtained only with GCPs located on the river banks, without any point
across the river width. Nevertheless it is required to have the GCPs well distributed on
the river bank. This is a positive point in riverine environment where usually there is
no access to the network of GCPs in the middle of the river.
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Figure II.14: (a) 3D view of GCPs in metric coordinates. Measured GCPs from the
DGPS (blue points) and transformed GCPs from the video (red points) in pixel (b) and
c
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Figure 11.15: Effect of different elevations (in Z direction) on rectify matrices.

11.2.4.3 Uncertainty on detection

On the video frames, two parameters cause uncertainty in detecting the exact positions
of wood borders. The first one is the buoyancy of the wood, resulting in submerging
some parts of the wood, and second one the large size of pixels far from the camera.
Figure I1.16 is an example for such an uncertainty in detecting the wood dimensions.
On this figure, a blurry region around the wood is recognizable, but it is difficult to
precisely determine the size of this region in pixel. Totally, based on different detection
on different regions of the river, an uncertainty of 3 pixels is considered in each direction.

To measure the uncertainty on the detection of the wood length the following equa-
tion is used,

2 x Npp x PizelSi
dl = 22X Npp X PiwelSize | o piveiSize. (IL1)

vNp

where dl is the uncertainty on detecting the wood length, Ngp is the number of blurry
pixels on both sides of the wood (the prefactor of 2 is for both sides). The pixel size
is then divided by square root of the number of consecutive frames on which one single
object is detected Np (For more information see (Meyer, 2007)). As mentioned Npp is
around 3 pixels and on average Np is around 15 frames for each piece. From the image
samples on the Ain River, we know that Ngp and Np are in the same order as the Isere
River. As a consequence, the uncertainty on detection of the wood length on both rivers
is around 1.5 times the pixel size. The next step is to estimate the pixel size on the
frame.

Figure 11.17 shows visually the transformation matrix, at the low flow level on the
Ain River (Fig. I1.17(a)) and the Isere River (Fig. I1.17(b)). In both cases, the camera
is located around 10 m higher than the flow surface. Knowing the water elevation
with respect to the camera position, the corresponding transformation matrix can be
performed. Figure I1.17(a) shows the horizontal size of pixels on the Ain River based on
MacVicar & Piégay (2012). On Fig. I1.17(b), coordinates on a frame using the camera
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Figure I1.16: Uncertainty on detection of the wood length due to the blurry area at the
borders of the object.

as the origin is presented in red color, while sizes of pixels on each grid are shown in
black. The borders of this figure are curved because the fisheye distortion is corrected on
this image; conversely a straight line in reality is presented without any curvature in the
image. Remind that both these images provide the pixel size for only one water stage,
and by changing water level, this size changes. In addition, based on Fig. 11.17(b), the
size of pixels is not the same in both directions, meaning that after orthorectification,
pixels are not square any more.

On Fig. I1.17(a), (b) we can see that the top of the frame near the other river bank
appears as the worst position to detect a wood, as the size of pixels are of the order of
1 meter. To show the effect of detection at distances from the camera Fig. 11.18 shows
the wood length distribution and pixel size across the river on the Isere and Ain. Each
boxplot on Figs. 11.18(a), (b) represents the length distribution every 5 m interval across
the river. Based on these figures, in both rivers, length distribution is much smaller,
near the camera. Getting away from the camera the range of detected wood size is
larger. One probability is that the natural transverse distribution on length is the same
as presented here. The other possibility is, this transverse distribution can be due to the
fact that near the camera most of the floating woods can be detected while away from
the camera typically larger woods are detected easily but many smaller woods are not
detected. Therefore, the boxplots show larger woods far from the camera.

After around 60 m from the camera on both rivers, no wood is detected. This latter
zone on the Isére River, which is presented by grey region on Figs. I1.18(a), (c), can
be considered as a blind zone for the camera, as the pixel size becomes larger than the
wood diameter and therefore, wood detection on this region is almost impossible. The
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Figure I1.17: Rectifying transformation matrix at low flow level (a) on the Ain River
(MacVicar & Piégay, 2012) and (b) on the Isere River. Black fonts correspond to the
average size of each pixel on the Ain River in meter and vertical and horizontal size of
each pixel on the Isere River in meter and red fonts on the Isere River are the coordinates
with respect to the position of the camera at (0,0).
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Figure I1.18: Distribution of wood length across the river (a) on the Isere River and (b)
on the Ain River. And pixel size across the river (c) on the Isere River and (d) on the
Ain River. More than 65 m far from the camera on the Isére River no wood is detected,
therefore, the gray zone on the Isere River depict the blind area
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Figure I1.19: Transformation matrices. (a) a video frame at bankfull elevation and
corresponding transformation matrices on (b) X direction and (c) Y direction.

pixel size in this region is of the order of 0.5 m and detecting wood pieces with diameter
less than the pixel size is impossible. From the other hand, the pixel size on the Ain
River is limited to 0.5 m far from camera (Fig. I1.18(d)). Therefore, it is not clear if
detecting no wood after 40 m from the camera is due to the pixel size issue or in reality
no wood passes from this region due to river morphology or the upstream bridge pier.
After measuring the pixel size, it is possible to estimate the uncertainty of the wood
length. On the Isere River, most of the wood pieces pass between 40 to 50 m far from
the camera where the pixel size is around 0.35 m (Fig. 11.18(c)). On the Ain River, most
of the wood pieces are detected between 10 to 20 m from the camera where the pixel size
is around 0.03 m (Fig. I1.18(d)). And the uncertainty on detection of the wood length
for most of the woods is 1.5 x 0.35 = 0.5m on the Isere River and 1.5 x 0.03 = 0.05m on
the Ain. Note that the uncertainty which is 1.5 times pixel size (Eq. (II.1)) is limited
to 1 m which is always far smaller than the length dispersion. More discussion about
transverse distribution of the woods is presented in chapter III. In the next section a
practical example of the transformation from pixel to metric coordinates is presented.

11.2.4.4 An example of orthorectification on site

We present here an example of the transformation matrices and orthorectification for a
piece of wood crosses along the river. Figure I1.19(a) shows a frame corresponding to the
flow deviation for the bankfull discharge. Knowing the vertical distance of the flow from
the camera, the corresponding transformation matrices on X,Y directions are estimated
and shown in Fig. I1.19(b) on X direction and in Fig. I1.19(c) on Y direction. On these
two figures, each point with 4, j coordinates is presented by a color which represents the
distance from the camera on X,Y coordinates. Thus, knowing the position of a point on
the image (e.g. i=400, j=500 on Fig. 11.19(a)) the distance of this point to the camera
can be transformed to X, Y metric coordinates. Note that these transformation matrices
are corresponding to the bankfull elevation.

Using the rectifying transformation matrices of Figs. I1.19(b), (c), an example of
orthorectification on a detected wood piece at the bankfull level is presented in Fig. 11.20.
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Figure I1.20: A practical example of transformation of the coordinates from (i,j) pixel to
(x,y) metric coordinates using orthorectification process. Different solid lines represent
the successive detection in consecutive frames.

Figure II1.20(a) represents the log in pixel and Fig. II1.20(b) in metrics. Additionally,
the GCPs and the river section at the bankfull stage are presented on both figures. On
this figure, the lines are the same piece of wood which is detected on different time
steps. Using the transformation matrices the i,j pixel coordinates are transformed to
X,Y metric coordinates in Fig. I1.20(b). On Fig. I1.20(b), the position of the piece
of wood is presented in metrics; therefore, knowing that the time difference between
each frame is 1 second, the difference between each line (representing the piece of wood)
provides the wood velocity in m/s.

I1.2.5 sum-up of the technique and associated uncertainties

Direct use of the video, with a manual algorithm, provides the wood fluxes with a
precision 90 % due to the operator (10% uncertainty due to the operator bias). In
addition to the operator bias, getting away from the camera some smaller woods are not
totally detectable by eye. The uncertainty on orthorectification on the Isere River is 0.4
m, which resulted in the uncertainty on the exact position of the wood. A multi-step
image processing is necessary to measure wood length with uncertainty of 0.5 m on the
Isere River and 0.05 m on the Ain. The other source of uncertainty is the time difference
between 2 frames. Based on the field videos, almost in all cases the videos are recorded
in 5 Hz, so here we assumed that the uncertainty on time is negligible. Next section is
devoted to the results provided by this technique.

I1.3 Results

I1.3.1 Measured wood fluxes

On the field videos, the first and the most direct characteristic of interest that can be
estimated is the number of detected woods and consequently the ”wood fluxes” (defined

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2019LYSEI094/these.pdf
© [H Ghaffarian Roohparvar], [2019], INSA Lyon, tous droits réservés



I1.3. Results 41

in chapter 1.3.1 p. 4). This parameter informs on the occupation of the river surface by
wood pieces. Figure I1.21 shows the evolution of the wood fluxes defined as the number
of detected woods per different time interval (from 15 min on the top to 6 hours on the
bottom), during two floods on the Isere River. The gray regions on the figure represent
the night time, when there was not any light to detect the wood. The errorbars are the
uncertainties of the number of detected woods due to the operator bias, as mentioned
in section II.2.5.

As it can be seen on this figure, in both floods, most of the wood is carried by
the river during the rising limb of the flood. Moreover, the maximum wood fluxes is
observed before the peak of the flood hydrograph. To prepare this graph, we tried to
find a tendency between the cumulative wood number and time distance, but due to the
high variation of the wood fluxes along time, we did not find any tendency to find the
optimum time interval. Plotting the wood fluxes by different time intervals At shows
that increasing At, increases the smoothness of the wood discharge graph. Here, it is
seen that for time intervals less than 6 hr, there is always some fluctuations on wood
discharge as a function of time, while using the 6 hr time interval, it is possible to detect
a nonmonotonic graph with a clean rising and falling limbs. However, large At resulted
in hiding many fluctuations of the wood fluxes. Note that 2hr is the time interval used
the by station to measure water depth and discharge.

As mentioned here, different criteria can be used for selecting the best time interval
to measure the wood fluxes. If all fluctuations are needed to be monitored, small time
intervals is suggested. Whereas, if the evolution of the wood discharge during a flood is
the interested issue, the time interval has to be big enough to show the rising and falling
limbs of wood discharge clearly.

I1.3.2 Measured wood lengths

Wood length is also of interest as it is linked to the capacity of forming logjams (Yin
et al. (2003); see also chapter III). Figure I1.22 shows the cumulative distribution of
the wood lengths on the Isere River (Fig. II.22(a)) during two floods (dark and light
blue lines) and the Ain River (Fig. 11.22(b)) during the three floods (yellow, orange
and red lines). The black dashed line on both figures shows the uncertainty on detected
wood length: 0.5 m on the Isére River and 0.05 m on the Ain River (section II1.2.5 p.
40). As already mentioned in the introduction, the length between 0.3 to 5 m has been
used as length truncation (Comiti et al., 2006; R.A. et al., 2004). Here based on the
limitations on detecting wood on the middle of the Isere River and also in order to be
able to compare both sites together, 1 m is used as the truncation length, like what has
been used in MacVicar & Piégay (2012).

Comparison of length distributions on Figs. II1.22(a), (b) shows that while length
distribution of the wood is unique in one river for completely different discharges, dif-
ferent distributions are observed in different rivers. In total, the length of the woods
observed in the Isere River is higher than in the Ain, so that Lsg for the Isere and the
Ain Rivers are about 2.6 and 1.4 meters respectively, and 99% of the observed lengths
in the Isére and the Ain Rivers are less than 14 and 7 meters respectively (See Table
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Figure I1.21: Evolution of the flow discharge @ (m?/s) (black line) and wood fluxes
on the Isere River for two floods, I-JAN18; (dark blue points) and I-JAN18; (light blue
points) for different time intervals: 15 min, lhr, 2hr, 3hr and 6hr. The gray regions
represent the night time, when there was not any light to detect the wood. Error bars
represent the uncertainty due to operator bias on wood detection.
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Figure I1.22: Distribution of detected wood lengths on (a) the Isére and (b) the Ain
Rivers. The black dashed lines represent the range of uncertainty of the wood length.

Table I1.5: Typical wood length and volume in five monitored floods

. Number Wood lengths (m) Wood volume V (m?)
River Symbol

of floats Lsy L75 Lgg Total rising falling
I-JAN18; 380 26 4.1 114 149 135 14
Isere
I-JAN18, 128 2.6 4.8 14.4 57 56 1
A-NOVO0O7 671 14 19 8.3 81 73 7
Ain A-DEC07 389 14 19 6.2 31 29 3
A-APRO8 1065 14 19 74 145 130 15

I1.5). The fact that woods on the Isere River are typically larger than the Ain River
can be due to the natural wood length distribution on the river. The other possibility
is related to the transverse position where most of the wood are detected. This position
is farer on the Isére River which causes more uncertainty on this river, detecting longer
woods there. The perfect superposition of the three flood events on the Ain River rather
than some differences on the Isere River is consistent with the fact that on the Ain River
the uncertainty on wood length is much smaller than the Iseére River and therefore, the
detection on the Ain River is more accurate.

In order to estimate the wood length at different flood discharges, the wood distri-
bution at different flood discharges is presented in Fig. 11.23(a) on the Isere River and
I1.23(b) on the Ain River, by 25%, 75% percentile boxplots, for two floods on the Isére
River and three floods on the Ain River. For this figure, we use the classical boxplot tool
from Matlab. As shown on this figure, the boxplot depicts groups of the wood lengths
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Figure 11.23: Length distribution of the wood at different flow discharges (a) on the Isere
and (b) on the Ain Rivers. The dimensionless uncertainty on wood length is presented
by a black line on top of each figure.

through their quartiles. The interquartile range in the rectangle is the range between
first and third quartiles and the black line at the middle is the median of all lengths.
Two whiskers with maximum 1.5 interquartile range below and over this rectangles show
the statistical minimum and maximums. Points out of the whiskers are thus considered
as outliers. In Fig. I1.23, a total of 65 outliers are detected, which are only 2% of the
data. In order to compare the data in two rivers, with a completely different length dis-
tribution, the length of the woods are normalized with the median length in each river
(Lsp = 2.6m for the Isere River and Lsy = 1.4m for Ain). Additionally, the dimension-
less uncertainty on wood length (0.5/2.6 = 0.2 m on the Isére River and 0.05/1.4 2 0.04
m on the Ain River) is presented by a black line on top of each figure.

It is seen that on both rivers, flood discharge does not affect strongly the wood length
distribution, and the distribution of the wood length is almost the same for different flow
discharges during one flood. Moreover, there is always the probability to detect a very
large woods presented as outlier points here.

As a conclusion, based on Figs. I1.22, 11.23, the length distribution of the wood
during one flood event is totally independent of flood discharge or flood peak value,
but is dependent on the river catchment and morphology. The fact that on the Isere
River, length distribution for different flood discharges is the same confirmes Piégay
et al. (2017) results on the Ain River. Though large flood signature can be detected
from wood characteristics, on average, wood characteristics do not change much and
there is no significant differences between years and tributaries in wood characteristics.
Therefore, sampling the distribution of the wood length in one flood can be extrapolated
to the other floods, in the bankfull section or overbank floods.

11.3.3 Measuring wood discharge

The most important characteristic of the wood hazard in river is the wood discharge.
The wood discharge is estimated by the total volume of wood passing through a certain
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section during a given time. In the following, first, we describe the relation between
wood length and volume that we used to estimate the total volume of the wood. Then,
the wood discharge is presented at a flood scale during the rising and falling limbs of
the flood hydrograph.

11.3.3.1 Relation between length and volume

Measuring the wood volume is the prerequisite for measuring the wood discharge. The
wood volume by itself is a function of the wood geometry (i.e. length and diameter and
presence of root or branches are needed). The wood length is measured following the
orthorectification process. Here we assumed that the wood is a straight cylinder. This
assumption is felt to be a reasonable simplification of the wood carried in transport
given the dominance of large diameter poplar species in the floodplain, which typically
have straight trunks with few large branches (MacVicar & Piégay, 2012). Regarding
the diameter, as mentioned in the section I1.2.4.2, the uncertainty on wood length on
the Ain River is around 10 times smaller than the Isere River. Additionally most of the
woods on the Ain River are detected near the camera i.e. between 10 to 20 m from the
camera. Therefore, it is possible to detect the wood diameter on the Ain River much
more accurately.

The total volume of wood is then the sum of the volume of each wood piece, that is

2
V= WL%, (I1.2)

where L and D are wood length and diameter respectively. This equation requires an
accurate measurement of L and D. Figure 11.24 shows the relation between wood length
and diameter on the Ain River. Note that in the literature, it is common to show the
relation between wood length and diameter according to a power law, plotted using
logarithmic scale (Niklas, 1995). The red points represent the field observations based
on the videos. The black solid line is the power regression which is fitted on the data.
The uncertainty due to the pixel size is applied randomly on this data and the power-law
is then calculated. Note that the range of 95% confidence bounds on the regression line
is very small and it is hardly recognizable in this figure. Moreover, the upper and lower
dashed lines represent the range that 75% of all data are located at this range.

After finding the relation between wood length and diameter, the next step is to
extract wood volume using Eq. (I1.2) based on field detections of L and D.

The total volume which is measured directly from detected lengths and diameters
is equal to 282 m?®. The total volume, based on the relation presented on Fig. I1.24 is
297 m>. Therefore, the relation presented here resulted in 5.4 % error on total volume
of the wood. Note that as the uncertainty on the Isere River is much larger than on
the Ain River and as both rivers are located at the same climatology conditions with
same species in riparian zone, we can expect that the relation between wood length and
volume is reliable on the Isere River.
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Figure 11.24: The relation between wood length and wood diameter on the Ain River,
based on videography data. The black solid line is a power regression, representing
diameter as a function of length and the dashed lines represent the range that 75% of
data are located at this range. Note that a truncation length of 1 m is applied on data.

11.3.3.2 Wood discharge at flood scale during the rising and falling limbs

After calculating the wood volume, as mentioned above, it is possible to correlate flow
hydrograph and wood discharge chronicles. Figure I1.25 shows the flood hydrograph
(black line) and wood discharge on the Isére River for two floods. Gray zones indicate
the night period during which no detection is possible. On this figure, similarly as Fig.
11.21, the wood discharge is measured by different time intervals. The 0.07 m uncertainty
due to the length detection on videos is added to the 10% operator bias uncertainty and
is presented by errorbars.

Before these two floods, on Fig. 11.25, no significant flood occurs for 1.5 year on the
Isere River, since June 2016, when a flood with a return period of 1.5 years occurred.
On January 3, 2018, a large flood occurred with a 6.5-year return period (I-JAN18;),
resulting in the carrying of 149 m3 of wood (Fig. II.25, dark blue points). After 2.5
weeks on January 21, another flood with a 1.5 year return period (I-JAN18;, ) brought up
57 m? of the wood downstream (Fig. I1.25, light blue points). It is important to remind
that monitoring is during daylight hours and all the numbers mentioned are related to
the discharge of the wood during the day. Table I1.5 shows wood volume in different
floods in brie.

As it is observed on Fig. 11.25, there is a big difference on wood discharge between
rising and falling limbs of one flood hydrograph. In both cases, the transported wood
during the rising limbs of the hydrograph are at least one order of magnitude higher
than during the falling limbs. Additionally, between two floods close to each other (I-
JAN18; and I-JAN183), on the second flood rising limb, a much smaller amount of wood
is carried away compared to the first one (Table I1.5). This difference is normally related
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Figure 11.25: Evolution of the flow discharge @ s(m?/s) (black line) and wood discharge
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to the hysteresis effect (MacVicar & Piégay, 2012).

Comparison between Fig. I1.21 and I1.25 shows that wood discharge and fluxes
follow the same trend. By increasing wood fluxes, wood discharge increases and vice
versa. Moreover, like Fig. I1.21, on Fig. I1.25 larger time interval shows well the
global variation of the wood discharge compared to the flood discharge, while small time
intervals can present the fluctuations due to the mobilization of separate wood fluxes
during one flood. After measuring wood discharge, it is possible to analyze the relation
between wood discharge and other parameters such as flood discharge, wood fluxes etc.
which is discussed in the next section.

II.4 Discussion

In the wood fluxes study, some quantities are more tedious or difficult to measure. In the
hydrological analysis, measuring these complex parameters by easy access parameters is a
practical way. Quantifying directly wood discharge in riverine environments is laborious
and sometimes dangerous especially during flood events. Additionally, monitoring the
wood discharge, as presented here, is associated with some complexities and uncertainties
due to detection issues, operator bias, image processing and measuring wood volume.
There are also some simple measuring parameters associated with wood, such as the
number of the woods, flow discharge and the inter-flood time distance. In the following,
the correlation between these simple measurements and wood discharge are discussed.

I1.4.1 Correlation between flow and wood discharges

Flood magnitude is an influential parameter on wood transport and storage, as observed
when flow discharge )y and wood discharge @), are compared. In Fig. I1.25, in all cases,
the maximum discharge of the wood (),, occurs before the maximum flow discharge
Q. To illustrates this, Fig. II1.26 shows the wood discharge (),,, normalized with the
maximum @, in each flood, as a function of the flow discharge normalized by bankfull
discharge on the Isere and Ain Rivers for the floods with more than a 1 year return
period. The filled and hollow markers represent flow during the rising and falling limbs,
respectively. Moreover, the 3 stage model proposed by MacVicar & Piégay (2012) is
presented by solid black lines on this figure.

Like what has been observed on the Ain River by MacVicar & Piégay (2012), we
observed here that the maximum wood discharge is related to the bankfull discharge.
The three stage rating carve for wood discharge is recognizable in Fig. I1.26. The
difference between this observation and (MacVicar & Piégay, 2012) model is that on the
second stage, after wood discharge reaches its maximum value (i.e. at bankfull discharge
on both rivers), a linear negative trend is detected. To explain this relation between
wood and flow discharges, we also take benefit from the conceptual model of Fig. 11.27
which is inspired from (Wohl et al., 2018; MacVicar & Piégay, 2012).

Qr _

Based on Fig. 11.26, the first stage of the wood recruitment starts almost from Qs

0.5 and ends at bankfull discharge ngf = 1. Increasing water level causes the volume
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Figure 11.26: Wood discharge normalized by maximum wood discharge on the same
event as a function of the flow discharge normalized by bankfull discharge on the Isere
(dark and light blue markers) and the Ain (red markers) Rivers for the floods with more
than 1 year return period. Filled and hollow markers represent data during the rising
and falling limbs of the hydrograph respectively.
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Figure 11.27: Conceptual model for the correlation between flow discharge and wood
discharge during (a) first stage (b) second stage and (c) third stage of wood motion in
a flood event, inspired from (Wohl et al., 2018; MacVicar & Piégay, 2012).
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of floating wood increase and river banks are progressively inundated. As it is shown
in Fig. 11.27(a) at this stage, the majority of the wood results from the mobilization of
storage within river (Wohl et al., 2018; MacVicar & Piégay, 2012). Field observations
in Fig. I1.26 show a nonmonotonic relation between flow and wood discharge, with a
maximum point on the bankfull discharge, which is the same on both rivers and for
different discharges. This maximum point at Qs is followed by a second stage with a
negative slope for the discharges higher than (5. One reason for this decrease in wood
discharge at this stage could be related to the floodplain obstacles as discussed by Wohl
et al. (2018) and schematically presented in Fig. I1.27(b). As it is seen in this figure, at
this stage, as water levels go on increasing, wood can deposit in some places and not be
re-mobilized. Therefore, the negative trend on the second stage in Fig. 11.26 can be the
result of overbank flow in flood plain. The slope of this stage seems to be a function of
the maximum discharge, reminding that our observations are limited to 3 years return
periods, beyond that there is no information. Finally, at the third stage of the wood
rating curve, wood discharge has negligible values and a small slope decrease. This stage
is normally located on the falling limb of flood hydrograph, represented schematically
on Fig. I1.27. During this stage, when water level decreases, most of the wood pieces
within the channel are washed away and the wood pieces in the flood plain get stuck at
floodplain obstacles, e.g. standing trees in (Fig. I1.27(c)). Therefore, the wood discharge
decreases significantly at this stage. However, more information would be obtained by
monitoring floods with a return period higher than 3 years.

I1.4.2 Correlation between flood peak discharge, inter-flood time and
total volume of wood

Comparison between the floods on Fig. I1.25 and the same figures on the Ain River in
(MacVicar & Piégay, 2012) shows that there is a direct relation between the time since
last flood and the total volume of the mobilized wood, which means that by increasing
time between two successive floods, the volume of transported wood increases. Figure
11.28 shows the concurrent effect of time since the last flood and flood magnitude on the
volume of mobilized wood. On the Ain River for two floods A-NOV07 and A-DEC07
with almost the same discharge, A-NOV07 with 140 days time since the last flood, recruit
2.5 times more wood than A-DECO07 with two weeks since the previous flood. This can
be seen also on the Isére River between I-JAN18; after 1.5 years and [-JAN18, after two
weeks since the last flood. The total volume of the wood on I-JAN18; was 3 times more
than I-JAN185. However, on this last case, in addition to the time distance from the
last flood, there is the effect of difference in flood discharge. This effect becomes more
clear by comparing A-NOV07 and A-APROS8 with the same time since the last flood
(almost 140 days) but different peak discharges so that Qe A-APRO8 was around 2
times bigger than A-NOV07. Therefore, both the time between two floods and flood
magnitude play a role on wood mobilization. But to have more clear vision of the effect
of these two parameters, more statistics are needed.

Regarding the total volume of wood that is mobilized during a flood, it is observed
that for the biggest floods on both rivers (I-JAN18;, A-APRO08) almost the same volume
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Figure I1.28: Total wood volume based on time since the last flood (day) and maximum
flood magnitude.

is carried away to the river (Fig. I1.28). Assuming woods density between 600 to 900
kg/m? (Ruiz-Villanueva et al., 2014c), at leading order the same mass of the wood was
carried away to the river which has been limited to the order of 10° kg. This is consistent
with the observations of Seo et al. (2008) who reported that at the leading order, the
annual export of large wood from the catchment for the basins more that 1000 km? area
is the same and of the order of 10° kg.

I1.4.3 Correlation between wood discharge and wood fluxes

Finding the relation between wood fluxes and discharge would be a useful tool to estimate
wood discharge. For calculating wood discharge (), a time interval must be chosen so as
to provide a realistic view of the wood discharge changes during the flood period. Very
short intervals show separate and random observations, while very long time intervals
provides only an overview of the whole flood without addressing the details. So the best
time interval is the shortest time, for values greater than that the relationship between
wood fluxes and wood discharge become independent of time. Figure I1.29(a) shows
the effect of different time intervals on the relation between wood discharge and wood
fluxes. To prepared this figure, first a time interval is chosen. Using this time interval
both wood discharge and flux are measured all along the flood for two floods on the Isere
River and three floods on the Ain. In the next step, by plotting wood discharge as a
function of fluxes, a power regression in the form of Q,, = a.F?, where a, b are constants,
is applied on the data. Finally the coefficient of determination R? of the power regression
is measured and is plotted on Fig. 11.29(a) as a function of corresponding time intervals.
This process is repeated for different time intervals on the Isere and Ain Rivers and the
results are shown in Fig. I11.29(a).
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Figure 11.29: Wood fluxes (a) Dependency of the coefficient of determination to length
of time intervals on the Isére(blue) and Ain(red) Rivers, (b) Wood discharge @Q,, as a
function of the wood fluxes for both floods on the Isere River (dark and light blue) and
three floods on the Ain River (yellow, orange, red) coupled with power regression line
for each river.

Based on Fig. 11.29(a), on both rivers, by increasing the length of the time interval,
R? increases. Based on this graph 1.5 hr is a time interval after which R? becomes stable
and does not change. Fig. I1.29(b) shows wood discharge as a function of wood fluxes
for 1.5 hr intervals on the Isere (dark and light blue) and the Ain (yellow, orange, red)
Rivers. Based on this figure, there is a power law between the fluxes and the discharge of
the wood. The relation between wood fluxes and discharge on the same river is unique
for different floods, but varies from one river to another. Filled and empty markers
represent data during the rising and falling limb of the hydrograph. The positive point
of the relation between the fluxes and the discharge of the wood is that it is independent
of rising or falling limb of flood hydrograph as is shown in Fig. 11.29(b). This relation
can provide an estimation of the wood discharge, with a good approximation. It should
be noted that more discharges on the Isere River, would be due to the fact that there
was an overestimation on the wood length detection on the Isere River, as most of the
wood pieces on the Isere River are detected far from the camera while on the Ain River
almost all of the wood pieces are detected near the camera.

II.5 Conclusion

This chapter was devoted to the characterization of wood characteristics and transport
on field-sites, in rivers. The technique that we made our first choice was the so-called
“streamside video monitoring”, which uses images from a fixed camera, located along
the river (in this study, on one bank, with no loss of generality).

The different procedures to obtain friendly images — fisheye distortion removing,
orthorectification, correlation pixels/field location, etc. — and the manual algorithm
to make use of them were assessed and described, along with the corresponding mea-
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surement uncertainties. A field campaign, using this technique with a camera located
along the Isere River, showed its ability to provide wood fluxes, wood lengths and, with
way to appropriate assumptions, wood discharge. Measurement accuracy depends on
the camera resolution, but also on its installation (position, inclination, ... ), and good
practice of streamside video monitoring will be discussed with more details in the overall
conclusions (chapter IV).

The results provided by the video monitoring are valuable to analyze the functioning
of the wood-river system. For example, they provide correlations of the wood and river
discharges, or of the wood discharge with the different stages of a flood. The results of
present study on the Isére River are quite similar with previous ones (MacVicar & Piégay,
2012) on the Ain River, giving confidence to their generalization and gathering five flood
events. On both rivers, the maximum wood discharge occurs for the bankfull discharge.
In addition, higher wood discharges occur during the rising limb of a hydrograph than
during its falling limb. Moreover, results indicate that wood flux, as the easiest detectable
parameter on the videos is an appropriate parameter to estimate wood volume at leading
order. However, it is important to select an optimum time interval to measure the wood
fluxes.
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Chapter III

Motion of an individual piece of
wood in river

The previous chapter was devoted to the quantifying the amount of wood such as wood
fluxes and wood discharge. With a risk assessment point of view, it is however needed to
study the motion of single pieces of wood. Therefore, present chapter is more related to
the management aspects of driftwood to address the behavior of the wood at local scale
to see at a certain point, where does the wood go on the surface, what is the velocity of
the wood and how is the interaction of wood and an obstacle. To address these issues,
first we represent our observations at the station regarding transverse distribution of
the wood and the velocity of the wood at the river surface. Then, theoretical models to
reproduce the motion of the wood pieces at the free surface are investigated. Finally the
model validity is tested using a well controlled experiments.

Here, chapter III is organized as follow: Section III.1 is dedicated to the field ob-
servations of the wood transverse distribution and velocities and the questions about
the field observations. Section II1.2.1 presents the general equation of motion and a
theoretical analysis (on the validity of the tracer model), followed in Section I11.2.2 by
the experimental setup. Section I11.2.3 and I11.2.4 present our experimental results in a
one-dimensional acceleration flow and in a two-dimensional flow past a cylinder followed
finally by the experimental analysis on impact processes in Section 111.2.4.4.

I1I.1 Wood dynamics at the local scale in the field

In chapter II, the video monitoring technique proves its ability to detect the location of a
piece of wood in metric coordinates after some post processing procedures. In this section
in order to study the dynamics of one single piece of wood on the field, the transverse
distribution of number of wood and the longitudinal velocity of wood is characterized
on the Ain and the Isére Rivers from the camera located on the river bank.

95
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Figure I11.1: Local coordinates (a) coastal points detected on a video frame (red markers)
and (b) coastal line fitted on coastal points and the local longitudinal and transverse
coordinates on the Isere River.

I11.1.1 Measurement sites and monitoring technique

To characterize the transverse distribution of pieces of wood and measure the longitudinal
velocity of pieces of wood, first, the transverse and longitudinal directions have to be
identified. To identify these directions on the Isere River, the coastal line of the river on
the right bank is used. As it is shown in Fig. III.1(a), 90 m of this line is detectable on
the videos while less than 10 m of river bank is detectable on the left bank. So detecting
river direction based on longer coastal line would present a better estimation about the
river direction. To detect the coastal line, first, the procedure detailed in chapter II is
undergone. The fisheye distortion is removed from the video frames as mentioned in the
section I1.2.3, p.28. Then the right bank is detected visually using the screen cursor as
shown in Fig. III.1(a) by red markers. Afterwards, the coordinates of the points are
converted from 7,j in pixel to X,Y in metric coordinates using the orthorectification
process, mentioned in section I1.2.4, p.30, as shown in Fig. IIL.1(b) by red markers.
Finally a straight line is fitted on these coastal points using a least square method. It
should be noted that the camera is located on a meander and there is a curvature on
the river bank, but the diameter of the meander is large enough (1.5km) to assume
the coastal line as a straight line. The local longitudinal and transverse directions are
compared with global XY directions in the Fig. III.1(b). These flow directions are also
presented by a blue arrow on both figures.

On average, each piece of wood was detected 15 times during 15s. Therefore, the
longitudinal and transverse positions of the wood and its velocity are the average of
these parameters all along the FOV. In the following the transverse distribution of the
number and longitudinal velocity of wood pieces are presented. The distributions are
measured for the different flood events considered in chapter II: I-JAN18;, I-JAN185 on
the Isere River and A-NOV07, A-DECO07, A-APRO8 on the Ain River(see table I1.2 p.

20 for more information).

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2019LY SEI094/these.pdf
© [H Ghaffarian Roohparvar], [2019], INSA Lyon, tous droits réservés



III.1. Wood dynamics at the local scale in the field 57

IT1.1.2 transverse distribution of the number of wood

One of the applications of video monitoring in rivers is the possibility to measure the
wood dynamics at the local scale. It is important when it comes to design instream hy-
draulic structures such as retention structures or bridge piers. In the following the trans-
verse distribution of the number of wood is presented in two cases: the so-called “total
distribution” and the distribution as a function of flood discharge.

I11.1.2.1 Total distribution

Figure II1.2 shows the transverse distribution of wood obtained across the Isére and the
Ain Rivers. The horizontal axis represents the distance of the objects from the left bank.
This axis is divided in 10 m intervals and the vertical axis shows the number of detected
pieces of wood pass in each interval. The side position of the camera is shown on top
of each graph. Additionally, to be able to compare transverse distribution with river
bathymetry, the river bathymetry is presented on bottom of each figure. Each color in
this figure represents one flood.

Figure II1.2 includes uncertainties on both vertical and horizontal axes. The uncer-
tainty due to the operator bias based on Fig. IL.7, p.27 is 10% on vertical axis. To
measure the uncertainty on horizontal axis (distance from the bank), Eq. (II.1) p.35
can be used. Based on this equation, the uncertainty of detecting the location of one
object is a function of the number of blurry pixels which are estimated to 3 pixels in
our case, of the number of frames where the same piece of wood is detected which on
average are 15 frames and of the pixel size. Note that the prefactor 2, in Eq. (I.1) due
to the uncertainty on both ends of a wood piece is not applicable here. Therefore, the
uncertainty on transverse position of wood is 0.75 times the pixel size. Based on Fig.
I1.18(c), p. 38 the pixel size on the Iseére River varies from 0 to 0.7 m and on the Ain
River varies from 0 to 0.5m. As a result, the maximum uncertainty on the position of
wood is 0.75 x 0.7 2 0.5m on the Isere River and is 0.75 x 0.5 = 0.4m on the Ain. These
amount of uncertainty is negligible compare to the river width and is not visible on the
figure. Thus, one can conclude that the transverse position of the wood pieces can be
estimated with a good accuracy.

Based on Fig. III.2, the transverse distribution of wood number is nonuniform,
with a clear decrease on both sides of the peak. The skewness of the wood transverse
distribution is different between Ain and Isere Rivers so that most of the wood pieces
pass close to the middle of the river on the Isére River, while on the Ain River, a large
proportion of the woods pass close to the right bank, near the camera. This skewness is
hardly affected by the discharge, in different flood events. Moreover, in the Isere river,
far from the camera, no wood is detected. As discussed previously on Fig. II.18 p. 38
this can be due to the pixel size. Far from the camera, at this zone, the size of each
pixel is around 0.5m. Therefore, the objects with diameter less than pixel size are not
detectable at this region. Based on the fact that most of the woods on the Isere River
are much further from camera than the Ain River and getting away from the camera,
pixel size increases and smaller objects are not detectable, a fairly underestimation of
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Figure II1.2: transverse distribution of the number of woods (a) on the Isere River and
(b) on the Ain Rivers during the whole events duration.

the wood number can be expected on the Isere River.

I11.1.2.2 transverse distribution as a function of flood discharge

To see clearly the effect of flood discharge on the transverse distribution of the number of
woods, Fig.I11.3 shows the latter for the largest monitored flood discharge on the Isere
River I-JAN18; (blue bars) and the Ain River A-APRO8 (red bars). This transverse
distribution is presented both in fraction of wood (Fig.III.3, left vertical axis) and in
number of pieces of wood (Fig.IIL.3, right vertical axis) passing from a cross-section. In
the previous chapter it is seen that the bankfull discharge Qyy is a key discharge on wood
mobilization. Therefore, here, the flood discharge is categorized based on Q.

In Fig.IIL3 it is seen that on the Isere River, before 0.5Qs the number of pieces
of wood is negligible. One possible explanation can be that the threshold for wood
mobilization on the Isére River is slightly higher than 0.5Q);; while on the Ain River it is
slightly less than 0.5Qs. By increasing the flood discharge, it is seen that at the leading
order, the position of the maximum wood fluxes is independent of the flood discharge
and this position is almost the same for different discharges. However, there is a slight
movement toward the camera i.e. the outer bank of the meander on both cases which is
negligible at leading order. But to have a more obvious idea about this small movement,
monitoring larger floods is needed.

I11.1.3 Velocity distribution

MacVicar & Piégay (2012) showed that the floating pieces of wood at the surface of the
Ain River have the same velocity as the flow surface velocity (see Fig. 1.7, p. 15). The
video monitoring technique gives access to the wood velocity. Therefore, to generalize
this field observation, here, the same measurement is done on the Isere River.

The flow surface velocity fields in longitudinal direction on this river have been
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Figure II1.3: Transverse distribution of the number of pieces of wood for the largest
flood discharge on the Isere River I-JAN18; (blue bars) and the Ain River A-APR08
(red bars). Left vertical axis presents the fraction of wood and right vertical axis shows
number of pieces of wood passing from a cross-section.

measured by Large-Scale Particle Image Velocimetry (LSPIV) by a private company
(TENEVIA Co.) for three different flow discharges (Table I1.3). Figure II1.4 shows
these velocity fields for @ =678, 500 and 350 m?/s. The first measurement (Qy=678
m?/s) has been done at the same time with the first monitored flood on the Isére River
I-JAN18; in 05/01/2018, the second measurement (Q ;=500 m?3/s) has been coinciding
with the second monitored flood on the Isere River I-JAN18y in 23/01/2018, and the
third measurement (Q ;=350 m3/s) has been done in 24/04/2018. On this figure, the
horizontal axis represents the distance from the left bank and the vertical axis is the
velocity of the flow and pieces of wood. The corresponding flow discharge is on top left
of each graph. The flow longitudinal velocity is presented by the vertical arrows and the
longitudinal velocity of each piece of wood is shown by the blue scatters. Note that for
each flow discharge the pieces of wood were selected that pass the river at the same flow
discharge plus or minus 50m?/s.

The uncertainty on velocity measurement is presented below the figure. Given that
v = %, where Al is the total distance traveled by the piece of wood during the time
At, the uncertainty due to the variations of Al, At is dv = %, where Jt is the
uncertainty on time intervals and d[ is the uncertainty on detecting the position of wood
on the first and last frames. On the field, the videos are recorded regularly, so it is
assumed that &t is negligible, therefore, dv = %. Assuming that at each time step
there is 3 pixels uncertainty on detecting the position of wood (based on Fig. II.16,
p. 36) and this uncertainty is applied at the start and end of FOV, totally there is 6

pixels uncertainty on position detection. The pixel size varied between 0 to 0.7 m on the
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Figure II1.4: Comparison between LSPIV data (from TENEVIA Co.) and wood longi-
tudinal velocities. Flow velocity is known based on the LSPIV measurements for three
different discharges (350, 500 and 678 m?/s). Wood longitudinal velocity is measured
for all object at the same range of discharge +50m?/s. By comparing flow and wood
velocities, it can be seen that wood has almost the same velocity as flow surface velocity.

Isere River (Fig. I1.17(b), p. 37), thus I varies between 0 to 4.2m. As typically each
piece of wood was detected during 15 seconds, At = 15s. Therefore, the uncertainty
on the velocity of wood due to the detection errors varies from 0 near the camera to
v = g—lt = %2 =0.3m/s far from the camera as presented below the Fig. II1.4.

Based on Fig. II1.4, the velocity of the wood pieces across the section matches
correctly with the river surface velocity fields. The velocity gradients of both wood and
flow are visible near the left bank of the channel for Q, = 350 and 500 m?®/s. This
graph, and a similar graph presented for the Ain River (Fig. 1.7, p. 15), both show
that wood pieces have the same velocity as the flow surface velocity. There is a slight
dispersion on wood velocities that can be due to the vorticity in river. However, from
60 m on transverse section the wood velocity shows much lower values than the flow
velocity. It can be due to the higher uncertainty far from the camera or due to the river
bathymetry. On the Iseére River, the left bank slope (90%) is much steeper than and
the right bank slopes (8%). Therefore, by increasing water level, the shallowness effect
on the right bank of the river is sensed on larger transverse distance than the left bank.
This low side slope on the right bank can result in passing less pieces of wood on the
right bank, which is in agreement with Fig. II1.2(a).
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I11.1.4 Discussion

In this section it is observed that in the field, at leading order, the transverse distribution
of wood is independent of flow velocity. In addition, on two different rivers, i.e. the Isere
River (Fig. I11.4) and the Ain River (MacVicar & Piégay, 2012) (Fig. 1.7, p. 15), wood
pieces have the same velocity as the flow surface velocity. This latter result suggest that
the wood motion would be known from the flow surface motion. Predicting such motion
with reasonable accuracy by numerical computations would be much easier than field
measurements. Hence it is necessary to confirm how the wood and flow behaviors are
connected. This is done in the next section where theoretical models with numerical
solving and well controlled laboratory experiments are presented.

II1.2 Interaction between the flow and the pieces of wood

As mentioned in chapter I, to model the trajectory of a piece of wood, two approaches
can be implemented: (i)a kinematic approach by assuming the piece of wood as a trace
which follows passively flow streamlines, and (ii)a dynamic approach based on Newton’s
second law and by applying forces exerted by the fluid on the wood. Interestingly the
same trajectories in a meandering flow provided in a square Groyne flume were accu-
rately modeled by both kinematic (Ruiz-Villanueva et al., 2014a) and dynamic (Persi
et al., 2018a,b) approaches. As it is difficult to compute the whole dynamics of wood,
especially in the field where different additional forces such as waves, eddies and wind
affect it, estimating the validity of the kinematic approach would significantly simplify
the analyses and related computational costs. Thus, in this section, we are going to
characterize the dynamics of a piece of wood in a river theoretically and experimentally.
A paper has been submitted to the Physical Review Fluids Journal (H. Ghaffarian,
D. Lopez, E. Mignot, N. Riviere, and H. Piegay. “Dynamics of floating ob-
jects at high particulate Reynolds numbers”) reproduces the main part of present
section.

I11.2.1 Theoretical model for floating wood at the river surface
II1.2.1.1 Advection equation for a floating object

We present hereafter the theoretical equation describing the advection of a floating object
by a flow. Object motion is described in the general case of a nonuniform and unsteady
flow by the Basset-Boussinesq-Oseen (BBO) equation for a point object. The complete
form of this equation is available both for low particulate Reynolds numbers (Maxey &
Riley, 1983) and for large Re, (Magnaudet & Eames, 2000).

In this study, we focus on the large Re, case, considering objects floating at a free
surface and affecting by the flow surface velocity Uy, reproducing the motion of a piece
of wood on the river surface. The condition of buoyancy balance implies that there is no
net vertical force on the object and therefore, no vertical motion, and yields an important
result that the mass of displaced fluid is equal to the mass of the object. This feature is
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found similarly in the case of a neutrally buoyant fully immersed particle. Additionally,
we focus on the case where there is no lift force, which can occur for instance in a
potential flow that has no vorticity and considering objects that are symmetric with
respect to the flow. Under these conditions, the advection equation reads

d D 1
d—‘t’:m(l—i—CA)iu—i—*

m(1+ Cq) Dt 9

prCpSlu—v|(u—-v), (ITL.1)

where m = m, = my is the mass of the floating object at the free surface (thus that
of the displaced fluid), v and u the object and fluid velocities, ps the fluid density, C4
and Cp the added mass and drag coefficients, and S the submerged frontal area of the
object; D% = % + u.V is the convective derivative. Note that Eq. (III.1) is valid for a
point object, considering the object size to be much smaller than the typical flow length
scale L. Since we consider floating objects similar to wood in rivers, their size is much
greater than the capillary length, so that capillary effects can be neglected (Singh &
Joseph, 2005).

This equation can be written in a dimensionless form using the flow quantities Uy
and Lo as reference velocity and length scales respectively, so that the reference time
scale is Lg/Uy. Denoting nondimensional quantities with *, Eq. (III.1) results in

dv*  Du* 1

o = D + F\u* — v (0" —v7"), (IIL.2)
where
A 20+Ca) Vp\ 1
PRAR (A VIS i 111.3
Lo ( Cp S )Ly (I1L.3)

V; being the displaced fluid volume (or equivalently the object submerged volume). In
Eq. (II1.2), the left hand side is the object dimensionless acceleration, and the right
hand side the dimensionless fluid forces.

The first term on the right hand side of Eq. (III.2), namely %—‘g, referred to as the
undisturbed flow force, is due to viscous stresses and pressure gradients existing within
the base flow (Corrsin & Lumley, 1956). It is interesting to note that in the present
problem of floating objects, the prefactor of the dimensionless undisturbed flow force is
exactly 1, as it is the case for fully immersed neutrally buoyant particles.

The second term on the right hand side of Eq. (III.2) is the dimensionless drag
force, scaled by 1/\*, where \* is a ratio between a length scale A based on the object
characteristics and the flow length scale L. This expression of the drag force is always
valid, considering that the drag coefficient is a function of the Re, as shown in Fig. IIL5.
On this figure, the drag coefficient Cp is presented as a function of Re, for a spherical
object as the most basic geometry among the literature, and for disk and cylindrical
geometries that are used in our study. Note that C4 can also vary with Re, but with a
much weaker sensitivity, so that the influence of the 1+ Cy4 term in Eq. (II1.3) does not
play a significant role at leading order.
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Figure IIL.5: Drag coefficient Cp as a function of Re, (Hoerner, 1965)

II1.2.1.2 Analogy between \* at large Re, and Stokes number at low Re,

To describe the link between Stokes number St and \*, we can write the nondimensional
drag force expression based on Eq. (III1.2) as;

1
Fj = F|u* — v (0" = v¥), (II1.4)

This expression is valid for all values of Re,, but can be simplified at low Re,, since
in that case the drag coefficient is inversely proportional to Re, (Fig. IIL5, Stokes
law). Table III.1 summarizes the expressions of Cp, A* and F}; in the small and high
Re,, limits for a disk as the simplest geometry on this case due to its symmetry on the
surface. In that case, Re, = |[v —u|D/v, where D is the diameter of the disk and v is
water kinematic viscosity, and Vy/S o< D, so that the low Re, expressions result in the
well-known Stokes drag, (Maxey & Riley, 1983; Bergougnoux et al., 2014) with

(1+Ca)D*Uy T,
St ” Io Ty (IIL.5)
where T), is the object viscous response time and Ty = Lo/Up the flow time scale.

As a results, at low Re, the drag force is linear with the relative velocity and scaled
by the inverse of a time-scale ratio known as the Stokes number, and at large Re, the
drag force is quadratic and scaled by the inverse of a length-scale ratio noted \*.

At large Re, however (typically Re, > 10%), the specificity is that the drag coefficient
Cp is almost independent of the Re,(Hoerner, 1965; Gongalves et al., 2015) as shown
in Fig. IIL.5. In that case A* is a fixed ratio between an object-based scale A and the
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Table III.1: Drag force expressions in the low and large Re, limits.

Re, <1 Rep, > 1
1 v
C = Cst
b Re, Dlu—v]| i
A= Stlu* — v*| Cst
1 1
Fpy = < (u* —v*) F]u*—v*\ (u* —v*)

flow length scale Ly. One can thus provide an interpretation for A\* by analogy with
the Stokes number, considering A as the object characteristic response distance, scaling
the distance traveled by the object while adapting to the flow. Moreover, since C'p and
Cy are both of order 1 for such objects when Re, > 1 (Batchelor & Batchelor, 1967;
Bush & Eames, 1998), we get from Eq. (IIL.3) that A should be proportional to the ratio
between the object submerged volume V; and submerged frontal area S. As a result, A
is expected to scale as the length of the object in the direction of the flow, noted L, in
the following.

111.2.1.3 Asymptotic analysis on \*

The scaling of the dimensionless drag force by A* can provide some insights on a floating
object dynamics in the \* < 1 and A\* > 1 asymptotic regimes. The case where
A < 1 results in v* & u* almost immediately, as the object drag force and therefore,
acceleration cannot tend to infinity. On the other hand, when A\* > 1 the drag force
becomes negligible compared to the undisturbed flow force. Since Eq. (II1.2) is valid
only for point objects for which, object dimensions are much smaller than the flow
dimension Lg, this case actually corresponds to C'p < 1. Due to the pre-factor 1 before
the undisturbed flow force term, the resulting equation is dv*/dt* = Du*/Dt*. This
yields an interesting result which is that for an object with m, = my (either floating or
neutrally buoyant), if at a given time v* = u*, then for any subsequent time v* = u*.
Note However,that A* > 1 implies that the object acceleration will occur on extremely
long distances compared to the flow scale.

This asymptotic analysis suggests therefore, as soon as v* = u* the point object
model predicts a tracer behavior regardless of A\* (or equivalently the Stokes number at
low Rep). This is consistent with the field observations in Figs. 1.7, p. 15 and II1.4
where wood has the same velocity as flow. We thus address two questions in this section
to validate this analysis. First, is A a suitable length scale for the acceleration of a piece
of wood in river as a large Reynolds number floating object under flow? and, if so, is it
proportional to the object streamwise length L,? Second, if initially v* = u*, will the
object be a tracer regardless of \*, i.e. will v* be equal to u* at all times? To address
these questions, we designed two sets of experiments described in the next section.

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2019LYSEI094/these.pdf
© [H Ghaffarian Roohparvar], [2019], INSA Lyon, tous droits réservés



III1.2. Interaction between the flow and the pieces of wood 65

II1.2.2 Experimental facilities and measuring devices

In the previous section, we introduced a coefficient in the nondimensional drag force
named as A\* that scales the acceleration length of a floating object. We perform two sets
of experiments in an open flume with different floating objects: (i) object acceleration
from rest in a uniform flow and (ii) object motion in a nonuniform flow, considering a
flow passing around a cylinder to check the validity of the statements that are mentioned
in the previous section. In this section the experimental facilities and measuring devices
are presented.

I11.2.2.1 Flume

The experiments are carried out in a straight, rectangular, 6 m long, 0.8 m wide, glass
walled flume that was designed and built during the first year of the PhD project.
Fig. II1.6 shows the schematic design of the experimental setup and the different parts
described as follow.

A centrifugal pump (1) immersed in an underground sump provides the discharge in
an upstream tank. The flow discharge is measured with an electromagnetic flow-meter
(2) (Promag 50, from Endress-Hauser) with an uncertainty of 0.05 L/s. In order to
homogenize the flow, water enter to the upstream tank through a perforated pipe (3),
at the bottom of the upstream tank in Fig. I11.6. A PVC plate (4) is located upside the
perforated pipe to prevent vorticity mixing at the top. The water enters to the top of
the entrance tank through a layer of chicken wire (5). Then to tranquilize, straighten
and homogenize the flow, perforated plates (6), a honeycomb (7) and, finally, a buffer
made of several layers of chicken wire (8), located in the upstream converging part of
the flume (9), made of a PVC plate. The channel entrance corresponds to the end of
this converging part. The 6 m channel consists of three glass made, 2 m reaches which
are attached to each other. At the end of the channel, a crest weir (10) adjustable from
0 to 50 cm controls the water depth. The top of this weir is made of a thin metallic
blade to minimize the backwater effect and to prevent from clogging. The channel slope
is adjustable by changing the height of a vertical bar (11) located at the middle of the
channel.

111.2.2.2 Flow

As mentioned in the previous section the flow passes through different steps to be tran-
quil, straight and homogeneous. In this study, the range of discharge is 16 to 19 L /s and
of water depth is 105 to 115 mm, corresponding to hydraulic diameter based Reynolds
numbers in the range 65000 to 75000, and Froude number around 0.1. The flow is
steady, turbulent and sub-critical. Water depths are measured using a point-gauge with
an uncertainty of about 1 mm.

In addition Table III.2 shows the typical range of flow surface velocity Uy m/s, par-
ticulate Reynolds and Froude numbers Re,, F'r, and flow Reynolds and Froude numbers
Rey, Fry in some similar studies. Note that Rep, F'r, are measured based on object
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Figure II1.6: Schematic view of the experimental set-up (not at scale). (a) photograph,
(b) details of the section, (c) downstream adjustable sharp crest weir, (d) general sketch
and details of the tranquilizer devises: (e) photo and (f) sketch.
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Table II1.2: Typical Froude and Reynolds numbers in the similar studies
Uy m/s Fry Re, Fry Rey Reference

1.60 0.98 4E+05 0.28 5E+06 field Haga et al. (2002)
0.50~0.80 0.50~0.81 5E+04~8E+04 0.13~0.20 1E+06~8E+05 field Ruiz-Villanueva et al. (2016)

0.03~0.37 0.04~0.48 2E+03~2E+04 0.02~0.24 6E+03~9E+04 lab  Beschta (1983)

0.21~0.38 0.59~1.06 3E+03~5E+03 0.31~0.44 3E+04~9E+03 lab  Cherry & Beschta (1989)

0.20~0.28 0.25~0.35 1E+04~2E+04 0.13~0.15 1E+04~4E+05 lab  Beebe (2000)

1.44~2.24  0.98~1.53 3E+05~5E+05 0.35~0.54 2E+06~4E+06 lab  C.V. et al. (2005); Alonso et al. (2009)

0.09 0.18~0.25 1E+03~2E+03 0.04 5E+4-04 lab  Young & Davies (1991)

0.44 0.71~1.00 2E+04~9E+03 0.29 1E+05 lab  Braudrick et al. (1997)

0.45 0.74~0.91 1E+404~2E+04 0.38 TE+04 lab  Braudrick & Grant (2000, 2001)
0.66 0.67~1.22 2E+404~7E+04 0.35 2E+05 lab  Bocchiola et al. (2006)

0.76 1.25~1.54 2E+404~3E+404 0.51 2E+05 lab  Wilcox & Wohl (2006)

0.07 0.16 1E+403 0.05 2E+04 lab  P.W. et al. (2001)

0.21 0.49 4E+403 0.08 2E+405 lab  Wallerstein et al. (2002)

diameter and Rey, F'ry are measured based on flow hydraulic diameter. As it is seen in
this table, the flow Reynolds number in the experiments is in the range of 10% to 10° and
Froude number of flow is typically around 0.1 to 0.3. On the field the Froude number
is at the same order but Reynolds number is one order of magnitude larger than the
experiments.

To test the homogeneity of the velocity three tests were implemented: (i) micro-
propeller velocity measurement to check the 3D velocity profiles, (ii) Surface particle
image velocimetry (SPIV) to check the surface velocity fields at the field of view (FOV)
and (iii) Particle tracking velocimetry (PTV) to check the reproducibility of the same
flow characteristics in different tests.

111.2.2.2.1 Developed flow

The aim of measuring flow 3D velocity fields is to check the flow development after up-
stream convergence along the channel to find the best position for installing the camera.
Propeller flow meters use the mechanical energy of the fluid to rotate a rotor in the flow
stream. Blades on the rotor are angled to transform energy from the flow stream into
rotational energy. The rotor shaft spins on bearings. When the fluid moves faster, the
rotor spins proportionally faster and the propeller flow meter measures the velocity of
fluid in the flow. Propeller meters are accurate and relatively inexpensive and can be
economical even when only needed for a short time. Micro-propeller is made to sense
the small Reynolds number flows at which the propeller does not operate well.

Figure II1.7 shows the results of measurements by micro-propeller on longitudinal
(Fig. II1.7(a)) and on transverse (Fig. IIL.7(b)) sections. In section (a), the measure-
ments are performed at three different depths, and 17 different longitudinal sections,
resulting in totally 51 measured points. In section (b), the measurement are performed
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at four different depths, and 7 different transverse sections, resulting in 28 measured
points. The measurement locations are presented by black dotes on each section. At
each point first the micro-propeller was fixed at a stable point. Then the flow velocity
is recorded during 10s and the average velocity on this time is recorded. This process
was repeated 10 times at each point and the final velocity at each point is the average
of all 10 measurements.

Based on Fig. IIL.7(a), at the channel entrance where 0 < X < 20%, the surface
velocity is affected by the entrance convergence and a positive acceleration is visible at
the surface. The surface velocity is stabilized at the middle of the channel between 20 to
70%. Approaching the outlet location, due to the presence of the weir, the surface veloc-
ity first decelerates at 70 < X < 95% and then accelerates rapidly at 95 < X < 100%.
Based on this figure the longitudinal section that flow is well developed is between 20 to
70%. Therefore, this section would be the best longitudinal section for the experiments.
Between this section at the middle of the channel the section (b) is measured in trans-
verse direction. Based on Fig. II1.7(b) at this section, near the walls the flow is affected
by the friction of the walls, while between 20 to 80% the flow is uniform.

As a consequence our field of view (FOV) is from 50 to 60% of the longitudinal
section (between 3 to 3.6m) and from 20 to 80% of the transverse section (between 0.15
to 0.65m) as it is shown in the Fig. II1.8. At this section flow is fully developed. Note
that in the first set of experiments, the flow is uniform (without obstacle) and the floats
are released at the start of the FOV to record their accelerated movement. The obstacle
(orange cylinder) is installed only for second experiment: ”motion in a nonuniform flow”
and the floats are released at the start of the channel 3 m upstream of the FOV.

111.2.2.2.2 Homogeneity of velocity fields

After finding the best longitudinal and transverse position for data recording, in continue,
to control the homogeneity of surface velocity fields on x-y plain the SPIV technique is
implemented. Surface particle image velocimetry (SPIV) is a non-intrusive approach
to measure velocities at the free surface of a water body. The raw SPIV results are
instantaneous water surface velocity fields, spanning flow areas up to hundreds of square
meters (Muste et al., 2008).

Small sawdust particles with typically 2 mm length were used as tracers. Figure
II1.9(a) shows an example of the SPIV measurement. The obstacle is highlighted by
a white half circle and the sawdust tracers are visible on this figure. Additionally the
surface flow velocity fields are presented in Fig. II1.9(b). For preparing this figure 2000
frames were used. It is seen that the flow surface velocity fields are well homogenized
and are symmetric around the obstacle. Based on the SPIV measurements Uy in our
measurements is typically 20 cm/s. It should be noted that the capillary effect is visible
on Fig. II1.9(a) between tracers. Knowing that the capillary length is of the order of
1 mm and the velocity is of the order of 10 c¢m, this effect is negligible in majority of
FOV. Just near the obstacle where the velocity decreases, this effect is visible.
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Figure II1.7: Flow velocity measurement in 3D flow using micro-propeller. (a) Sketch
of the position of the measured sections, (b) section a in streamwise direction and (c)

section b in lateral direction. Black dots are the measured points and dashed lines limit
the field of view.
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i camera

Figure II1.8: Schematic view of the experimental setup at the field of view. Note that
the obstacle (orange cylinder) is installed only for second experiment: “motion in a

nonuniform flow”
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Figure II1.9: SPIV technique to control the homogeneity of surface velocity fields. (a)
an example of the recorded raw frames and (b) the post treated data based on 2000

frames.

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2019LY SEI094/these.pdf
© [H Ghaffarian Roohparvar], [2019], INSA Lyon, tous droits réservés



III1.2. Interaction between the flow and the pieces of wood 71

30 3

25

20

15

Number

10

19.5 20 20.5 21
Uo(m/s)

Figure I11.10: PTV velocity measurement to control the reproducibility of the flow
characteristics with the same experimental configuration.

111.2.2.2.3 Reproducibility of the flow characteristics

After finding the best position of the channel for measurements and checking the
homogeneity of flow velocity fields, in the next step the reproducibility of the flow char-
acteristics with the same experimental configuration is controlled by Particle tracking
velocimetry (PTV) technique. The aim of this test was to verify if Uy is constant when
measured in different times but without changing the configuration of the instruments
such as pomp, valves or weir. PTV is a velocimetry technique to measure velocity of
particles that are resident in a fluid (Maas et al., 1993; Malik et al., 1993). As the name
suggests, individual particles are tracked, so this technique is a Lagrangian approach.
Details of object detection is presented in section I11.2.2.4.

Totally 113 tests were done during different times, but with the same experimental
configuration. Figure II1.10 shows the result of these measurements. The horizontal
axis shows the measured velocities, the left vertical axis show the number of tests cor-
responding to an specific surface velocity and the right vertical axis shows the normal
probability distribution function (pdf) of the tests. In probability theory, the normal or
Gaussian distribution is a very common continuous probability distribution. A random
variable with a Gaussian distribution is said to be normally distributed and is called
a normal deviate. As it is seen the dispersion of velocity measurements are normally
distributed with the mean value of 20.3 cm/s and standard deviation of 0.2 cm/s. Thus,
we can expect that the velocity measurements are reproducible with 1% relative error.

To summarize this section, the middle of the channel is used for FOV because at this
section flow is fully developed, homogeneous, symmetric and reproducible. In the next
section we talk about the particles that are used in the experiments.
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I11.2.2.3 Floats

The aim of this work is to study the dynamics of single pieces of wood in a river. The
wood geometry on the field contains many complexities. Thus, in order to establish our
experimental methodology, the tests were started from the simplest geometries to more
complex one.

I11.2.2.3.1 Characteristics

Three categories of floating particles with increasing complexity are tested in the exper-
iments: (i) paraffin disks (ii) wooden simple logs and (iii) wooden logs with different
types rootwad. Figure III.11 presents all floating objects used in this study.

The first category consists in paraffin disks (relative density p,/p; = 0.88) with fixed
height (L, = 1lem) and different diameters (Fig. II1.11(a)). A first advantage presented
by a disk is its isotropy, so that the orientation with respect to the flow does not affect its
dynamics. Secondly, a disc with small height will minimize the effect of vertical velocity
profile, the particle will be only subjected to the surface velocity of the flow. Finally,
the contact angle between paraffin and water is close to 90 degrees which reduces the
effect of surface tension on the particle movement as the disks border are vertical at the
free surface.

The second category of floating particles are simple cylindrical wooden logs (relative
density p,/ps = 0.64), without roots (Fig. III.11(b)), which mimic floating wood in
rivers. The simple cylindrical wooden logs released both aligned with flow and perpen-
dicular to the flow.

The third and most complex geometry used in these experiments are the logs with
roots that are tested in four different configurations: (i)logs with different length of
artificial roots (same number) (Fig. I11.11(c)), (ii)logs with different number of artificial
roots of the same length (Fig. I11.11(d)), (iii)logs with a circle at one side as artificial
rootwad with different diameters (Fig. III.11(e)) and (iv)three different natural logs
with root (Fig. IIL.11(f)).

To be able to compare different categories of rooted logs, the root frontal area S;oor
is measured and presented in Table II1.3. Frontal area of the rooted logs is measured
based on the length and diameter of the roots. Only in the case of the natural logs,
using a photo of the log frontal area (Fig. III.12), the number of pixels were counted
and then based on the size of the pixels the frontal area was measured.

The objects characteristics are given in Table I11.3, with D and L as diameter and
length of the objects, and Re, based on the diameter and minimum slip velocities, Re, =
|v —u|D/v, with v the fluid kinematic viscosity. Additionally, the typical particulate
Reynolds and Froude numbers in some similar studies are presented in Table II1.2. Most
floats are large enough to neglect the capillary effect, as the capillary length is of the
order of 1 mm, so only the smallest objects might be affected, but no clear effect was
observed. Note in particular that the contact angle with paraffin is close to 90°, so that
even for the smallest disks the capillary forces are expected to remain negligible.
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Figure III1.11: Floating objects used in the experiments. (a) Paraffin disks with different
diameters, (b)wooden logs with different lengths, (c) logs with different root lengths, (d)
logs with different root numbers, (e) circle ended logs, (f) natural rooted logs

/
1,000,000 white pixels 1,500,000 white pixels 1,250,000 white pixels

Figure II1.12: Measuring frontal area of natural logs. Image size is 12Mpixel.
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Table I11.3: Characteristics of the floating objects used in the experiments

Dem)  Lem) et Ro oo
number length L, diameter Syon(cm?)
Disks(paraffin) 2t010 1 - - - - 400 to 10*  0.88
logs(wood) 1 1t0o20 - - - - 200 to 10" 0.64
logs with root(wood) 700 to 101 0.64
Varied root number 1 10 0to4 7.5 - 0.8 to 11.3
Varied root length 1 10 2 0to 15 - 0.8 to 11.9
Varied circle diameter 1 10 - - 0to4 0.8 to 11.3
Natural logs lto2 10to12 - - - 10 to 23

Figure II1.13: Raw materials used for the preparation of the floating objects.

111.2.2.3.2 Preparation

Except the natural logs, all floating objects are prepared in the laboratory. To prepare
the paraffin disks, the candle wax was melt into the fiberglass molds as it is seen on the
top of the Fig II1.13. For preparing the logs two size of wooden dowel rods were used,
the 1 cm diameter was used for the trunk and the 4 mm one was used as the roots. For
the simple logs, the 1 cm log was cut in different lengths. For the rooted logs, first the
1 cm log was cut in 10 cm length as the trunk. Then by piercing the end of the trunk,
the 4 mm stick passes through the hole and was attached by wood glue to the trunk as
the root.

111.2.2.3.3 Releasing the objects

For releasing the objects into the flow different methods were implemented. For example:
(i) dropping down the objects by a conveyor causes some vertical waves. (ii) Putting
the object between two vertical blades and releasing object by increasing the distance
between the blades. With this method if the blades do not open at the same time an
additional transverse motion is imposed to the object. (iii) Fitting the object by a thin
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Figure II1.14: JAT GO-5000M camera with LM25HC lens used to record data.

rope to a fixed point and releasing the object by burning the rope. Firstly, this method
was time consuming and secondly when the object attached to the rope, it starts to
oscillate due to the waves around the object. Therefore, we decided to release the objects
by hand. Releasing the objects by hand is much faster than the other methods, so we
could have many iterations to have a good statistics. However like the second method,
sometimes in addition to the streamwise motion objects have some lateral movement.
These objects could be removed easily in the post processing.

It should be noted that the control on the object is lost as soon as it starts moving.
Sufficiently big logs (longer than 3 cm) keep their initial orientation throughout their
trajectory; it is not the case for smaller objects whose orientation is random due to
experimental noise.

I11.2.2.4 Object detection process

111.2.2.4.1 Data recording

The object trajectories are recorded using a high spatial resolution camera JAI GO-
5000M with up to 62 Hz frame rate at full 5-megapixel resolution (2560 x 2048). A
LM25HC lens with 1 inch main sensor size and 25 mm focal length is mounted on the
camera. This lens provides manual adjustment of focal length, iris and focus. Figure
II1.14 shows both camera and the lens. The camera is located above the flume, perpen-
dicular to the flow, 3.3 m downstream from the channel entrance, with a 60cm x50cm
field of view (FOV) as shown in Fig. IIL.8.

The data are recorded on a PC DELL PRECISION 3630 P400 with 32GB additional
RAM to be able to record longer duration of videos. Pixel binning is a clocking scheme
used to combine the charge collected by several adjacent CCD pixels, and is designed to
reduce noise and improve the signal-to-noise ratio and frame rate of digital cameras. On
both 4, j directions, pixel binning of 2 is used, so the image resolution is 1280 x 1024. In
the first set of experiments, as our interest is the accelerated motion of the object, the
frame rate of 60 Hz is used to be able to monitor the motion of the floats accurately at
the first seconds of the motion. In the second set of experiments, the main objective is to
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Figure II1.15: Fisheye correction and measuring pixel size.

track the float and detect if objects hit the obstacle or not, therefore, to be able to have
more iterations in longer videos, the frame rate of 30 Hz is used. TIFF monochrome
8 bit/pixel size of each 1280 x 1024pixel image is 1.31 MB. With 32Gb Ram, it is
possible to record around 25,000 frames. Therefore, the duration of each test in the first
set of experiments is around 7 min and in the second set of experiments is around 14
min. During this time the objects one by one released into the flow and their motion
was recorded. After recording the motion of the floats, the next step is to correct the
distortions on the image.

111.2.2.4.2 Correcting fisheye lens distortion and measuring pixel size.

As mentioned in the previous chapter fisheye lens distortion causes panoramic or
hemispherical image. The process of correcting this distortion is described in the section
11.2.3, p.28. Figure I11.15 shows the field of view after correcting fisheye lens distortion.
Based on this figure, given that the focal length of lens is large (25 mm) the fisheye
lens distortion is small. As camera is located perpendicular to the FOV, after correcting
fisheye distortion, the lines on the chessboard becomes perfectly straight and therefore,
the orthorectification process is not needed.

As it is seen in Fig. I11.15 each square on the chessboard is 32 mm. On this figure,
the size of each square is around 73 pixels. Therefore, each pixel corresponds to 0.44
mm.

111.2.2.4.3 Object detection
After being sure that the distortions on the images are corrected, in the following due to
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(a) Raw image (b) Image without background (c) Binary image

30] pixel

Figure I11.16: Detecting an object in a frame using the command “regionprops” in
Matlab R2017a®. (a) Raw image. (b) Image without background. (c) Binary image

the large amount of frames (25,000 frame at each test and hundreds of tests) a process
has to be established to detect the objects automatically. The time evolution of the
object position is determined using a standard image detection algorithm using Matlab
R2017a®. Here the process to detect an object on a frame is described.

Each frame contains an object in a fixed background. Figure III.16(a) shows a raw
image. In this image the wooden log is at the middle of the frame, the obstacle is at
the right hand side of the image and the bottom of the channel is visible in dark gray.
Except the wooden log, the rest of the image are identical in all frames. Therefore, the
first step is to extract this background from the image, like Fig. I111.16(b). To do so, the
only step is to record one frame without any floating object and subtract it from the rest
of the frames with floating object. Note that as illumination conditions were constant
enough, an average of all images background was not needed. The next step is to convert
the image without background to a binary image. The binary image is a matrix contain
only 0 as black and 1 as white colors. To prepare the binary image, first a threshold has
to be introduced. Then, on the frame the values less than this threshold are considered
as zero and the values more than that will be one. The threshold is a value between 0
and 1. It has to be large enough to remove the unwanted areas throughout the image
and small enough to not remove the floating object. The binary image is shown in Fig.
II1.16(c). On this figure, the threshold is equal to 0.3.

After preparing the binary image the command “regionprops” in Matlab R2017a®
measures a set of properties for each connected component (object) in the binary image.
The properties provided by this command is presented in the Fig. II1.16(c). As it is
seen on this figure, the command “regionprops” detects some properties of the detected
region: (i) the area of the region as the actual number of pixels in the region, returned
as a scalar. (ii) The center of mass of the region (presented in i, j), returned as a 1-by-2
vector. The first element of this vector is the horizontal coordinate (or i-coordinate) of
the center of mass and the second element is its vertical coordinate (or j-coordinate).
(iii) The maximum and minimum length (in pixels) of the major and minor axis of the
ellipse that has the same normalized second central moments as the region, returned as
a scalar. (iv) The orientation of the region as the angle between the horizontal axis and
the major axis of the ellipse that has the same second-moments as the region, returned
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Figure II1.17: Uncertainty due to the lack of clarity in pixels

as a scalar. The value is in degrees, ranging from -90 degrees to 90 degrees. Moreover the
extreme points of the object is detected by this command which are not presented here.
In many cases, the command “regionprops” detects more than one object in one frame.
But after extracting the background and applying the threshold unless the interested
region all other whit regions will be too small. For example, in Fig. III.16(c), apart
from the floating object which is visible on this figure, three other regions are detected
by the “regionprops” with areas around 10 pixels which are not visible. Therefore, only
the largest region is recorded and the rest will be removed. This process is repeated on
consecutive frames to extract the object trajectory along the FOV.

111.2.2.4.4 Uncertainties

As it is seen in Fig. II1.17 the uncertainty due to the lack of clarity in pixels is about 2
pixels which is equal to 0.88 mm and is of the order of 1 mm. Assuming that the object
movement during the time At is equal to Al the uncertainty due to the object detection
on velocity is equal to dv = At‘n%tzm‘%, where 0t and §l are the uncertainties on time
and position. Assuming that the §¢ = 0 due to the precision of the camera dv = g—lt.
In the same way the uncertainty due to the lack of clarity in pixels on the acceleration
is da = % = A‘S—fg. Therefore, using the frame rate of 60 Hz increases significantly
the uncertainty of acceleration. Knowing that §/=0.88 mm, between each frame jv=>53
mm/s and da=3200 mm/s>.

Our fitting process is based on the trajectory of the object. Knowing that the object
is typically detected in 200 frames and at each frame §/=0.88 mm, the total uncertainty
is 0.88/4/200 220.06 mm which is negligible compared to the size of the objects and the
object displacement between two consecutive images. Therefore, it is possible to use the
trajectory of object to measure A as it is described in section I11.2.3.

111.2.2.4.5 Object trajectory

After detecting the position of an object in a series of the frames, knowing the size of each
pixel from section II1.2.2.4.2 it is possible to transform the position of the object from
pixel to metric coordinates. Figure IT1.18(a) shows the trajectory of four different objects
as a function of time. The errorbars represent the uncertainty in detection due to the
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Figure II1.18: An example for the results of object detection for four different floats: (a)
Trajectory (b) velocity and (c) acceleration.

lack of clarity in pixels. To decrease the sensitivity of acceleration to the time intervals,
in order to be able to show the variations of object acceleration, here we decrease At 10
times by showing one frame from each 10 frames. If instead of each frame, we measure
dv and da between each 10 frames then dv=5 mm/s and 6a=30 mm/s?. Therefore, in
this figure, each scatter point represents one frame from each 10 consecutive frames.
The floating objects which are presented here are disk (red circles), log aligned with the
flow (filled square) and perpendicular to the flow (hollow square) and natural rooted
logs (black lozenges). Note that here only one sample of each geometry is presented. In
addition to the trajectory, the velocity and acceleration of the floats are presented in Figs.
II1.18(b), (c) respectively. It is seen that different objects have different accelerations
in the same flow, resulting in different traveling distances during the same time. By
releasing the object from the rest, its velocity increases and the acceleration decreases,
which means that by releasing the object, the variation of object velocity is much faster
at the first moments of the movement.
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II1.2.3 Object acceleration in uniform flow
111.2.3.1 Experimental principles

In this first experiment, we want to verify if A is a characteristic response distance,
scaling the object acceleration. To address this question, the easiest way is to consider
object acceleration from rest in a uniform flow. Assuming a one-dimensional uniform
flow of surface velocity Uy, a constant A value and that at time ¢ = 0, the object is at
rest at x = 0, Eq. (IIL.2) has the following analytical solution

it)y=t—-In(1+1), (I11.6)

where 7 = § and t = /\LUO‘ Note that here ~ denotes nondimensional variables using in
particular A as a length scale, since there is no characteristic flow length scale in this
problem.

Since it was experimentally difficult to get accurately the time at which the object
velocity was exactly 0, the initial velocity was measured and used in the fitting equation
(which takes therefore, a slightly different expression). Considering the acceleration of
a particle initially at rest under a uniform steady flow, Eq.(II1.2) simplifies as,

dv* 1

e F|u* — v (u* —v¥). (IIL.7)

Assuming Lo = A for normalization, the advection equation can be simplified into the
following scalar equation in 1D uniform flow,

dv
— = (1-19)? I11.8
(-0 (1Ls)
where ¥ is the streamwise particle velocity normalized by the surface flow velocity Uy.
This equation can be integrated analytically so that the nondimensional velocity v and

position T read

~ 1 — g

() =1— a7 Ft)=1t—In[1+ (1 —1p)?] (I11.9)

considering that ©(t = 0) = vy and Z(f = 0) = 0.

The acceleration measurements are performed on each floating object, and repeated
25 times in order to get a correct averaging. The objects are released in the middle of
the channel, 3 m downstream the channel entrance, 7.e. at the upstream limit of the
FOV, in order to record their 1D acceleration from rest. After recording the object
acceleration, Eq. (IIL.9) is fitted on the trajectory with a least-square method using
only A as a calibration parameter.

I11.2.3.2 Model validation

In a first step the model of Eq. (II1.9) is validated against our experiments in Fig.
II1.19. This figure shows the normalized object velocity © = v/Uy, as a function of
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Figure I11.19: Comparison of the dimensionless velocity as a function of the object
dimensionless position for all experimental data together (boxplots) and the solution of
dynamic model from Eq. (II1.9) (black line).

the object dimensionless position & = x/\ for all objects with different geometries and
sizes. The boxplots represent the median (red lines), interquartile range (blue boxes)
and minimum and maximum values (black whiskers) of experimental trajectories. The
analytical solution of Eq. (II1.9) is shown in black line. From Fig. III.19, we readily see
that the model matches very well with the experiments, allowing us to conclude that A
can be considered as a length scale of the object acceleration. As an indication, A is the
distance needed to accelerate and reach about 70% of the surface velocity.

111.2.3.3 Effect of the geometry on A values

Based on the scaling analysis of section II1.2.1, X is expected to scale as the streamwise
body length of the floating object L,. This is analyzed in Fig. 77, which shows A
normalized by L, as a function of the object aspect ratio L/D, for floating disks (red
boxplots), logs aligned with the flow (filled blue boxplots) and perpendicular to the flow
(hollow blue boxplots). Boxes and whiskers show the interquartile and extreme ranges
for each set of objects.

This figure confirms that for all objects, regardless of shape, size or orientation,
A scales as L, the streamwise body length, as expected from Eq. (IIL.3). The exact
proportionality coefficient ranges from 2 to 4 for two orders of magnitude in aspect
ratio. Strikingly, the scaling is almost identical for logs aligned and perpendicular to the
flow. The slight variations of \/L, among different objects can be due to changes in Cp
and Cy, but at leading order these variations are negligible for L/D > 0.3. For disks,
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Figure I11.20: Evolution of A normalized by the object streamwise body length L, as
a function of object aspect ratio for floating disks (red boxplots), logs released aligned
with the flow (filled blue boxplots) and logs released perpendicular to the flow (hollow
blue boxplots)

however, in the range 0.15 < L/D < 0.3, A\/L, increases with decreasing aspect ratio,
i.e. as the disks become flatter. This can be due to increased friction drag rather than
pressure drag, changing therefore, significantly the drag coefficient. Note that since the
orientation of short logs is random, only one symbol is plotted in the range 1 < L/D < 3.

The presence of roots is another geometric parameter that is expected to affect X\. To
check this effect, four different patterns of root are tested in Fig. II1.21 which shows the
effect of dimensionless root frontal area on A normalized by the response distance of the
same log without roots Ayni as a function of the ratio between frontal area of rooted
logs and the frontal area of the same log without root Syoot/Strunk- The four different
root patterns are: artificial logs with different root lengths (blue), with different number
of roots (red), with a circle at one side of log instead of roots (cyan) and also three
different natural logs (yellow) (Fig. III.11). Rooted logs can be released aligned with
the flow in two different situations, roots are located at upstream side or downstream
side of the trunk. To check the effect of root position, in one case (logs with different
root numbers), the log is released in both situations denoted by hollow and filled red
boxplots for upstream and downstream side roots.

Based on Fig. III.21, by increasing object frontal area, A/Ayunk decreases, but
different root patterns with the same frontal area, resulted in the same A/Agyng. One
can conclude that at leading order, the only effective parameter on A/Agunk is object
frontal area Syoot/Strunk, not the root pattern. In addition, comparison between the
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Figure II1.21: Effect of root on A\ normalized by rootless trunk A;...; as a function
of rooted log frontal area normalized by trunk frontal area Syoot/Strunk for logs with
different root patterns. Indexes 1, 2 for different number of roots (filled and hollow red
boxplots) show two different positions of roots, on downstream side (1) and upstream
side (2) of the log, indicates that the different position of roots does not affect A.

different positions of roots, downstream or upstream of trunk (filled and hollow red
boxplots), show that the location of root has no effect on object motion. Based on this
figure, at the leading order, the frontal area plays a role on variations of A. At the
second order, the root pattern causes dispersion on data. In addition, there is a global
dispersion on these data due to the sensitivity of A to flow variations which is increased
by increasing root size.

I11.2.3.4 Effect of relative water depth

In order to verify whether the assumption that the particle is only affected by the
flow surface velocity Uy is correct, two sets of experiments are done: in the first set
(red boxplots) we used the same object in different water depths, resulting in different
shallownesses (Shallowness = disk submerged length / water depth). In the second set
of experiments (blue boxplots), objects with different heights are recruited in flow (with
the same depth and velocity). Figure I11.22 shows the results of these experiments. As
discussed earlier X\ is normalized by L, which here is the disk diameter.

According to this figure, as long as shallowness is less than 0.5, \/ L, is approximately
constant. Based on this preliminary test, we observe that as long as the immersed
dimension of the object is less than half the flow depth, the object motion is affected
only by the surface velocity and not the vertical velocity profile. Consequently 2D surface
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Figure II1.22: Object characteristic response distance A normalized by disk diameter as
a function of the flow shallowness

BBO model is validate as long as shallowness < 0.5. This condition is largely satisfied
in all experiments, so that the objects motion is only driven by the two-dimensional
surface flow.

111.2.3.5 Effect of particulate Reynolds numbers on A\

Based on Eq. (III.3), A is linked to Re, by Cp. Given that in the range of Re, (between
10% to 10%) that is studied here, Cp is constant, therefore, it is expected that in this
range of Rep, variation of Re, does not affect A\ and as a consequence \/L, remains
constant. The glass wall channel has the limitation in flow velocity and water depth,
therefore, to validate this statement a set of experiments was done in a concrete channel
with 1 x 1m cross-section and 12 m length as it is shown in Fig. II11.23 and a set of larger
woods with diameter from 2 to 10 cm and with aspect ratio of 10 were used. But the
high variations of the flow and presence of significant vorticity in the flow did not allow
us to conclude, and this could be done in a future work.

I11.2.3.6 Conclusion

In summary, the acceleration experiments show that A is indeed a characteristic response
distance scaling the object response to the flow. For floating objects at large Re, for
which the drag and added mass coefficients are expected to be constant and of order
1, if the object is only affected by the surface velocity fields, this response distance is
typically 2 to 4 times the streamwise body length for symmetric objects in streamwise

Cette thése est accessible a I'adresse : http://theses.insa-lyon.fr/publication/2019LYSEI094/these.pdf
© [H Ghaffarian Roohparvar], [2019], INSA Lyon, tous droits réservés



III1.2. Interaction between the flow and the pieces of wood 85

Figure II1.23: The concrete channel used for experiments at large Reynolds number.

direction and is a function of object frontal area for rooted logs, providing a useful tool
for estimating this distance with purely geometric information. In the next Section, we
turn to a nonuniform flow to test the validity of the kinematic and dynamic approaches
in a spatially varying flow, for modeling the motion of a piece of wood in front of an
obstacle.

II1.2.4 Object motion in presence of an obstacle

In previous section, it is seen that A is a length scale that properly scales the acceleration
length of the object in 1D uniform flow. The more complex case of this section is the
motion of disks, simple and rooted logs within a 2D nonuniform flow around a cylinder.
This aims at reproducing the motion and the impact process of a wood facing with an
obstacle.

I11.2.4.1 Experimental principles

111.2.4.1.1 Irrotational flow

We consider now an object initially at the flow velocity v*(¢* = 0) = u* in a nonuniform
flow around a cylinder. This flow is particularly interesting as it can be correctly modeled
— apart from the wake — by a 2D potential flow model. In mathematics, potential flow
around a circular cylinder is a classical solution for the flow of an inviscid, incompressible
fluid around a cylinder that is transverse to the flow. The flow has no vorticity and thus
the velocity field is irrotational and can be modelled as a potential flow. Flow surface
velocity was measured by SPIV (Fig. II1.24(a)) and the results were compared to the
theoretical expression of the potential flow around a cylinder (Fig. II1.24(b)) in terms
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Figure I11.24: Verification of the validity of irrotational flow by comparing the experi-
mental SPIV velocity fields with the numerical potential flow velocity fields.

of streamlines. To measure the discrepancies between two methods, first, the norm
of velocity is measured, at each point of Figs. III.24(a), (b). Then the relative error
is measured by subtracting potential flow velocity norms from SPIV velocity norms
divided by SPIV velocity norms at each point. Results show discrepancies of about 6%
in general, and up to 12% close to the obstacle. Under this condition, the flow can be
considered as irrotational and Eq. (II1.2) can be used to model the advection of floating
disks that are symmetric with respect to the flow.

111.2.4.1.2 Characteristic lengths of the floats

In this set of experiments, the disks, with seven different diameters (2 to 10 cm), the
four largest logs without roots (5 to 20 cm) and the logs with different number or length
of roots are used as floating objects (Table I11.3). The typical A for such objects is 4 to
40 cm for disks, 12 to 30 cm for simple logs and 4 to 20 cm for rooted logs.

As mentioned in section IT1.2.1, \* is defined as the ratio between object characteristic
response distance A and flow length scale. Here the obstacle diameter Lg is used as the
flow length scale. The study of the effect of A* on motion of an object when v* = u* is
performed only in the case of disks, with three different obstacles (fixed on the channel
bed) with Ly = 4, 10, 20 cm, resulting in 21 different \* = \/Lg values from 0.24 to
10.2. In the two other cases (logs with and without root) only the obstacle with Ly = 20
cm is used, and A* is varied from 0.6 to 1.5 for simple logs and from 0.2 to 1 for rooted
logs.

111.2.4.1.3 Experimental conditions

Figure I11.25 shows the schematic view of the experiment. The “obstacle” is an emergent
cylinder of diameter Lg is located at 3.6 m downstream of the channel entrance, i.e. at
the downstream limit of the FOV. The length of the FOV (60 cm) is chosen so that
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Figure I11.25: Schematic view and parameters for the advection experiment in a flow
around a cylinder.

at its beginning, the flow is not affected by the obstacle (negligible backwater and side
effects).

To satisfy the initial condition v* = u* at the entrance of the FOV, objects are
released 3 meters upstream of the obstacle, so that at the entrance of the field of view
v > 0.95Uy. The initial lateral position yq is varied between the central axis of the
obstacle yp = 0 and a maximum distance yg = Ymax, Where ymax choose as the distance
above which even an object with straight trajectory does not hit the obstacle. As it is
seen in Fig. II1.25, considering 9,4, as the ultimate lateral distance from the obstacle
center line for impact for an object with a straight trajectory, if yo is less than y,q.
(equal to the obstacle radius plus half of object transverse dimension), this object will
hit the obstacle. Therefore, ¥4, is chosen here to be equal to the sum of the disk and
obstacle radii ymax = (Lo + D)/2 for disks, sum of the object half length and obstacle
radius ymax = (Lo + L)/2 for logs without root, and sum of the object half root length
and obstacle radius ymax = (Lo + L, )/2 for rooted logs. The definition of the parameters
is presented schematically in Fig. II1.25. Since the objects are released far upstream,
the trajectories are very sensitive to flow perturbations and to the release conditions and
exhibit a small variability. To overcome this problem, the sampling for each configuration
is repeated on average 100 times to get converged statistics.

In addition to the experiments, disk trajectories are modeled using Eq. (I11.2),
solved numerically using a Runge-Kutta 4th/5th order scheme (ode45 in Matlab®). The
computations reproduce the experimental trajectories, starting from the experimentally-
known initial position of the object and its nondimensional response distance \* mea-
sured in section I11.2.3, and using either the theoretical potential flow or the experimen-
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Figure I11.26: Detecting the position of the obstacle on video frames.

tally measured flow.

111.2.4.1.4 Impact detection

To detect if an object hits the obstacle or not, in addition to detecting the object, the
obstacle also has to be detected. Detecting the obstacle required 3 steps as presented
in Fig. I11.26. In a SPIV measurement test, the tracers spread throughout the frame
unless in the region of the obstacle. Each frame of SPIV measurements contains many
tracers that are clearly detectable. So in the first step, in order to be able to detect the
obstacle boundaries, all frames in a set of SPIV measurement are added together. The
result is a white plain with a black circle on one side as shown in Fig. II1.26(a). In the
second step, by zooming on the obstacle (Fig. II1.26(b)) the boundary of the obstacle
are recorded using the screen cursor as shown in Fig. II1.26(c). 60 points are used as
manual detection of the obstacle. Finally in the third step, a circle is fitted on scattered
points as shown in Fig. I11.26(d).

Having the dimension of the object and the boundary of the obstacle it is possible to
roughly estimate if an object hits the obstacle or not. To be able to detect the impact
more precisely, we tried to use the evolution of the object acceleration. This process
is presented in Fig. II1.27. Figs. II1.27(a), (b) present two examples of the largest
and smallest disks that both hit the obstacle. The obstacle is the large white circle on
right side of each figure and the red and blue scatters show the trajectory of object.
Additionally the object is presented with 10 frames intervals and the borders of the
object is highlighted in yellow.

Knowing the center of area of object and obstacle at each frame, it is possible to
estimate the distance between object and obstacle centers as shown in Fig. II1.27(c)
for largest (red) and smallest (blue) object. As it is seen on this figure, the distance
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Figure II1.27: Detecting the impact of an objects to the obstacle. Trajectory exam-
ple for (a) one largest and (b) one smallest disk. Dimensionless distance (c), velocity

(M) (f) between object and obstacle centers.

( d(distance*)
(dt*)?

) and (e) acceleration

between object and obstacle decreases until object gets close to the obstacle. Then there
is two possibility, the object rotates around the obstacle (blue) or moves away from the
obstacle after a severe impact (red).

Exactly at the impact position, the sign of the distance velocity (%) changes

from negative to positive values as shown in Fig. II1.27(d). Based on the severity of the
collision, this sign change can be smooth (blue) or sharp (red). The sharp sign change
in velocity, results in a large oscillation in the distance acceleration (%) which
is shown in Fig. III1.27(e). This large oscillation is due to the momentum transfer at
the impact position. As it is seen on Fig. II1.27(e) the position of impact is clearly
detectable for the largest disks (red) while for the smallest one, due to the much smaller
momentum transfer, the impact is not clearly visible. Similar to the small object on
this figure, if the largest disk just touch the obstacle side at larger lateral positions the
evolution of distance velocity is same as the blue scatters on this figure. Therefore, in
this experimental configuration and using the video frames, only the severe impacts are
detectable automatically. Thus, while in many cases the distance acceleration works
well as a criterion for impact, it is not possible to detect all impacts by this criterion.
In these cases, the impact is detected manually and based on user detection. However,
the distance is a useful criterion to select only the objects that are close enough to the
obstacle. Note that even with manual detection in some cases it is not possible to detect
the impact with 100% confidence.
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Figure II1.28: Comparison between individual experimental trajectories and numerical
model based on the potential flow for A\* = 0.78, 3 and 7.42. The experimental trajecto-
ries are represented as black hollow circles, and the dynamic modeled (Eq. (II1.2)) ones
as green points and solid lines. Note that the symbols are not at scale, and the dashed
line around the obstacle represents the limit for impact. Red stars show impacts, and
gray lines are flow streamlines.

I11.2.4.2 Dynamic vs kinematic approaches (in case of disks)

In the following section, the disk motions are modeled by both dynamic and kinematic
approaches and the results are compared to the experimental trajectories in order to
show the validity of each approach to model high particulate Reynolds objects.

In the first part of this section, the individual trajectories are presented to show a
comparison between real experimental trajectories and the numerically computed ones.
But as it is not possible to show all trajectories one by one, in the second section, the
statistics related to the transverse position of impact is presented for all trajectories
together.

111.2.4.2.1 Individual trajectories

We first show some individual trajectories, with and without impact of the disks on
the obstacle. Fig. II1.28 compares the experimental trajectories (black hollow circles)
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Figure I11.29: Statistics of the impact of one configuration (\*=0.4). Green color depicts
100% no impact region, red color depicts 100% impact region and yellow color depicts
the region with some impacts due to the experimental dispersions.

with the numerical models (green points and solid line) for three values of A\*, showing a
good agreement between real trajectories and the predictions of the BBO model of Eq.
(IT1.2). In addition, the model accurately predicts impact occurrences and its location
(red stars). Note that the green and black circles only represent the center of mass of
floats, and do not depict at scale the floating disks. In particular, for the highest value
of \* in Fig. II1.28(c) the disk diameter is comparable to that of the obstacle, which
might question the validity of Eq. (III.2). However, the numerical predictions still
show satisfying results, with small deviations observed as the floats pass the cylinder.
One can note a slight time lag between experimental and numerical trajectories, due to
uncontrolled variations of the surface velocity in the experiments (of less than 2%).

IT1.2.4.2.2 Statistics on y./Ymaez = f(A¥)

As mentioned in section I11.2.4.1.2 | each configuration (corresponding to one A\*
value) was repeated on average 100 times, leading to a total of more than 2000 available
trajectories only for disks. Figure I11.29 shows all iterations for one configuration where,
A=8 cm, Lp=20 c¢m and therefore, \*=0.4. In this figure, the vertical axis shows the
initial transverse position of the object, and on the horizontal axis, if the object hits
the obstacle or not. As it is seen near the centerline of the obstacle (the red region) all
objects hit the obstacle and far from the centerline (the green region) all objects pass the
obstacle. In the experimental measurements due to the flow variations and experimental
dispersions there is a region that some objects hit the obstacle and the others do not
hit it (the yellow region). We use this region, in order to have a global measure of the
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Figure I11.30: Critical lateral position for impact y. normalized by ymax as a function of
A*: experiments (blue boxplots), dynamic model of Eq. (II1.2) based on the potential
flow using the drag force only (empty red squares) and both forces (filled red squares),
and kinematic (i.e. tracer) model (black crosses).

model validity. For each configuration a critical value of the initial lateral position .
is defined, so that if yo < y. impact occurs and if yg > y. the disk passes the obstacle
without impact.

To be able to compare all 21 configurations together Fig. II1.30 shows this critical
distance y. normalized by ymax = (Lo+D)/2 as a function of the normalized characteris-
tic response distance A*. As mentioned in Fig. I11.29 due to the experimental variability,
for one given A\* there is a range of yg where some objects hit the obstacle and others
do not, so y. is taken to be the median value of these cases, and the extent of this range
is described by the blue boxplots. In this figure, in addition to the experiments, two
numerical results are shown, one by considering only the drag force in the BBO equation
— so only the second term of the right-hand side of Eq. (II.2) (empty red squares) —
and one considering the full expression of Eq. (IIL.2) (filled red squares). Finally, the
prediction using the kinematic model (v* = u* all along), corresponding to a tracer, is
represented in black crosses. Note that this prediction can be obtained analytically from
the potential flow streamlines equations.

While considering only the drag force is not satisfying, the complete model of Eq.
(IT1.2) with both undisturbed flow force and drag force predicts the critical lateral po-
sition for impact quite accurately. Additionally, the kinematic model provides also very
satisfying predictions. The increase in y./ymax With A* is thus not related to an increas-
ing inertia of the floating object. Actually, when considering a disk, increasing A* can
only be achieved by increasing its diameter (see Fig. II1.20) or decreasing the obstacle
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diameter, resulting in an increase of y./ymax due only to geometry. Moreover, the fact
that in Fig. II1.20, A/L, is not a bijective function of object geometry, causes disper-
sion on numerical models in this figure. These results confirm the analysis performed
in section II1.2.1 that if initially the floating object is at the flow velocity (v* = u*) it
behaves as a tracer regardless of its non-dimensional response distance A\*. Note that
for large values of A\*, a deviation is observed between the experimental data and the
models. This is again due to the fact that for these large values, the object size is larger
than the flow scale Ly, and the assumption of point object is clearly broken.

The numerical simulations were also carried out using the experimentally measured
velocity field, resulting in very similar results to those shown in Fig. II1.30 (about 7%
difference in average).

Moreover, the assumption of irrotational flow was tested by adding the lift force due
to vorticity (Magnaudet & Eames, 2000) in these numerical simulations. To check if
the irrotational flow assumption is correct, we model floating disk trajectories by two
models, first, using Eq. (II1.2), and second, adding the lift force due to flow vorticity
(Eq. (II1.10)) to the same equation.

Fr, = prLVf (u — V) X W. (IH.lO)

where C7, is lift coefficient due to to flow vorticity and w = V x u is the flow vorticity.
The simulations on the real flow field with and without lift force due to vorticity give
identical results (less than 4% difference), confirming the validity of the potential flow
assumption and that the effect of the lift force is negligible here. Comparing the two
models in Fig. I11.31 with 1:1 dashed line, confirms that both models result in the same
values.

I11.2.4.3 Generalization to the wood like geometry

In the previous section, we show that as soon as a floating disk reaches flow velocity, it can
be considered as a tracer. This is validates the theoretical analysis in the section I11.2.1.
To generalize the validity of this statement for wood logs, in addition to the disks, the
trajectory of the logs with different lengths are compared with the flow streamlines. After
detecting the lateral initial position of the object gy, the corresponding flow streamline
is measured (blue line in Fig. II1.32). Then, the transverse difference between object
trajectory (red line in Fig. II1.32) and the streamline (blue line in Fig. I11.32) is measured
along the trajectory. This transverse difference is named dj. By applying this process
on all trajectories, dj can be estimated throughout the FOV. Figure II1.33 shows the
median value of these differences at each point. The white area is the region with no
data. Despite the big difference between disks and logs geometries, in both cases, the
deviation from corresponding streamline is almost the same. Based on these figures the
deviation from streamlines is limited to 4% of Ly and in a limited region in the range of
—l<z*<0and 0 <y* <0.3.

However, Fig. 111.33, shows that close to the obstacle, the trajectory is modified. The
question here is that based on the object initial transverse position yj = 0, what is the
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Figure I11.31: Comparison the results of numerical model with and without effect of lift
force due to flow vorticity.

maximum d;? Figure I11.34, shows the dj for both logs (blue) and disks (red) along the
FOV as a function of z*. In order to show the effect of initial transverse position of a float
simultaneously, this figure is separated in four different transverse positions with respect
to the obstacle diameter Ly. This graph confirms that the deviation from streamline
is almost the same for the two totally different geometries. For objects closest to the
centerline 0 < yj < 0.125 deviation from streamlines starts from z* = —1. It reaches
its maximum value near the starting point of the obstacle on the transverse section
x* ~ —0.6 and at obstacle transverse centerline (x* = 0) trajectory again superposed on
its initial streamline. By getting away from the centerline in the transverse direction,
deviation vector tends to zero.

Based on Figs. II1.33 and II1.34, the maximum dy* is detected at x* = —0.6.

Figure I11.32: Schematic view of the transverse difference between object trajectory and
corresponding flow streamline.
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Figure I11.33: Difference between trajectory and corresponding initial streamline at the
start of FOV for disks (a) and logs (b).
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Figure II1.34: Variation of dj for logs (blue) and disks (red) in streamwise direction for
different values of the initial transverse shift from the obstacle centerline.
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Figure II1.35: Variation of dj for both logs (blue) and disks (red) in lateral direction
with the change in initial transverse position.

To demonstrate the effect of the initial transverse position on the deviation from the
corresponding streamline in lateral direction, Fig. II1.35 shows dy* in the range of
—0.7 < 2% < —0.5 (presented by dashed line in Fig. II1.34) as a function of initial
transverse position yj. It is seen that just near the obstacle there is a deviation around
10% of Lo which decreases to 0 when y§ > 0.25.

As a conclusion, if initially object has the same velocity as the flow, the floating
object, independent from its geometry i.e. disk or log, can be considered as a tracer.
Notwithstanding a deviation of 4% just near the obstacle.

I11.2.4.4 TImpact process

In the previous section we show that independent of object geometry, both logs and disks
can be considered as tracers. The question here is, if the object follows the streamlines,
what cause this object to hit an obstacle? To address this question here we consider
experimentally the impact process for simple and rooted logs, as the most complex
geometries in this study.

111.2.4.4.1 Effect of log length scale \* and initial orientation

To control the concurrent effect of log length scale and the initial orientation of the
log, different logs with random orientations were released within the flow and their
lateral position and orientation at the start of the FOV were recorded. Figure I11.36
shows an example of sampling for one log configuration with A* = 0.6. The vertical
axis represents the initial position of the log in the lateral direction, normalized by the
ultimate distance from center line above which no object hits the obstacle ymq. (see Fig.
I11.25). The horizontal axis is the orientation of the log at the start of the FOV. Each
scatter point corresponds to one sampling. If object hits the obstacle the marker is a
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Figure II1.36: Statistics for the impact of one configuration of simple logs (A\*=0.6, no
root). Filled markers are the maximum values of no impacts and minimum values of
impacts at each 15° intervals and the line passes throughout these filled markers separates
the impact and no impact regions.

red circle otherwise the marker is a blue square. As it is seen, there is a line below it
almost all logs hit the obstacle and above that all the logs pass the obstacle. To be able
to separate impact and no impact regions by this line, the horizontal axis is separated in
6 parts with 15° width. At each section, among all blue scatters, the minimum one and
among all red scatters the maximum one is selected. These points are presented with
filled markers. A line is fitted among these points to separate two regions. Therefore,
the blue line shows the critical value of the initial lateral position y., so that if yy < y.
impact occurs and if yg > y. the log passes the obstacle without impact. Fig. I11.37
shows this distance y. as a function of 4,4, for four different configurations of the simple
logs.

As mentioned in section II1.2.4.1 9,4, is the ultimate distance from obstacle center
line for impact, independently from the streamlines and only based on the object ge-
ometry. As it is seen in Fig. II1.37(a), normalizing object transverse position by ¥maz,
results in almost the same values of the critical line for impact for different logs. More-
over, the Fig. I11.37(a) indicates that the other effective parameter in the impact process
of a log, is its initial orientation so that decreasing initial orientation of a log results in
increasing impact threshold from y./Ymar = 0.15 to 0.5. This means that for a simple
log, at leading order, the wood length and initial orientation affect the impact process
simultaneously.

Figure II1.37(b) is an example to show the effect of this initial orientation on the
probability of impact, for the same log which follows the same trajectory (black line),
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Figure II1.37: (a) Critical lateral position for impact y. normalized by ymax as a function
of the log initial orientation 6y for logs with different \*. (b) Two experimental examples
for the behavior of the same object at the same y; but with different 6.

but with different initial orientations. The object with negative initial orientation (red)
is more likely to hit the obstacle, while the object with positive initial orientation (green)
can pass the obstacle. Note that all dimensions are at scale.

111.2.4.4.2 Effect of rootwad

Finally, to see the effect of roots in impact process, rooted logs with different lengths
and different number of roots (Fig. III.11(c), (d)) are tested. The results are shown
in Fig. II1.38(a). To check only the effect of roots in this test, all objects are released
in the streamwise direction. Like in previous section, y. is normalized by the ultimate
distance from obstacle center line for impact ¥,,4:, which purely depends on object and
obstacle lateral dimensions. Normalizing critical lateral position for impact y. by Ymaz
results in almost the same values for logs with different frontal areas. Here, the smallest
Sroot/Strunk corresponds to the simple log without root. As it is seen, by normalizing y.
bY Ymaz, at leading order, there is no difference between logs with or without root. One
can conclude that if at one point v* = u* the only effective parameter for impact is the
lateral dimension. There is however some scattering, due to the complexity of geometry
and small number of tests in this case.

To summarize this part of experiments, three different geometries (disk, simple log
and rooted log) were tested. Firstly, it is seen that independently of geometry if v* =
u” the object behaves as a tracer. By measuring the ultimate distance from obstacle
center line for impact ¥4 based on lateral dimensions of the object and obstacle, and
normalizing the initial lateral position of the object by this value, we see that at leading
order Y./Ymas depends on the geometry. Moreover, the initial orientation for logs can
modify the impact threshold.
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Figure I11.38: (a) Critical lateral position for impact y. normalized by ¥4 as a function
of root frontal area for logs with different root patterns. (b) Experimental examples for
logs with and without root at the same .

I11.3 Conclusion

This chapter was dedicated to the dynamics of one single piece of wood. In the first
part of the chapter the results of monitoring wood on the field on the Isere and the Ain
Rivers were presented and we showed that firstly the transverse distribution of pieces of
wood at leading order is independent of flood discharge. In addition it is shown that the
floating pieces of wood at the surface have the same velocity as the flow velocity.

This latter result brought the question that to what extent a floating wood in river
behaves like a tracer. To address this question, in the second part of this chapter, we
considered the dynamics of wood like objects in two cases, first during their acceleration
at the surface of a uniform flow, and second their motion in a nonuniform flow past a
cylinder.

We first show that the dynamic model Eq. (II1.2) fairly reproduces the acceler-
ated motion of floating objects. Moreover, the acceleration experiments showed that A,
defined in Eq. (II1.3), is an appropriate scaling for object acceleration from rest in a
uniform flow, so that after a distance A the object reaches about 70% of its terminal
velocity. The experiments confirm the theoretical analysis say that at large Re, when
Cp is constant, A can properly scaled by the streamwise body length L,. Measurements
showed that, regardless of size of disks or logs and orientation of the logs, A was about
2 to 4 times L,. This result is valid provided that C'p and C4 are of order one, which is
the case for large wood in rivers. And finally in the case of rooted logs, we observed that
at leading order X is a function of root frontal area and at second order of magnitude,
pattern or direction affect it.

In a second experiment, we considered floating objects initially transported at the
flow velocity and facing an emergent cylinder to explore the effect of obstacle on object
motion. The comparison between experiments, dynamic and kinematic models shows
that these objects all behave as tracers, regardless of their normalized characteristic
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response distance \*, as long as they remain smaller than the flow scale. This result
is validate for both disk and log geometries with maximum 4% deviation just near the
obstacle. This is an important result for the study of floating (or neutrally buoyant)
objects that was anticipated by the asymptotic analysis of section II[.2.1. Indeed, as
soon as the object reaches the flow velocity, its motion will be accurately predicted by a
kinematic model assuming the object is a flow tracer.

To analyze the process of impact for a log facing with an obstacle, three different
geometries were tested, floating disks as the simplest case in an experimental work, and
floating logs with and without roots. For these tracer objects the analyses showed that
the object and obstacle lateral dimension play a key role on impact process so that
by normalizing the initial position of the floats by ¥mq. as the ultimate distance from
obstacle center line for impact of an object with straight trajectory, at leading order
all logs, with or without root show the same lateral distance for impact. Moreover, the
initial orientation of a log plays role on impact process.

Knowing that (i) in a flow variation ,e.g. contraction, expansion or meandering, wood
is accelerated in a limited length (ii) in large rivers typically floating wood pieces are
passive tracers and (iii) in front of an obstacle at leading order, the geometry of wood
and obstacle are the important factors in impact process, would be useful to assess the
risks associated with the presence of large pieces of wood in rivers.
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Chapter IV

Conclusion and prospects

IV.1 Thesis overview

On this work, we followed two main objectives. First, we studied the relation between
wood and flow discharges in order to generalize the relation proposed by MacVicar &
Piégay (2012). This was done based on streamside video monitoring on the field. The
second major objective was to study the dynamics of one single floating piece of wood
in river and its interaction with hydraulic structures across the river. This objective was
studied on the field, in an experimental flume and with some numerical models. Addi-
tionally, comparing the results from different cameras on different basins, provides some
knowledge on key-points such as locating and implementing video monitoring equipment.
In the following part, all results are discussed and compared with other similar works
to present appropriate recommendations regarding the hazards due to the motion of the
wood in river.

IV.1.1 Summary

Present work is dedicated to the hazards associated with the presence of wood in rivers,
containing two major results: (i) generalizes the relation between wood and flow dis-
charges (chapter IT) and, (ii) assesses the dynamics of a single piece of wood in river and
its impact process (chapter III).

IV.1.1.1 Relation between wood and flow discharges

In chapter II, the wood discharges are studied by videography technique on the Isere
and Ain Rivers in France. Two floods on the Isere River are monitored using a manual
algorithm, and the statistics are presented in metric coordinates by orthorectification
process. Additionally, to be able to compare two different catchments, we use the moni-
toring results of three floods on the Ain River collected from MacVicar & Piégay (2012).
The results confirm that the wood discharge reaches its maximum value at bankfull dis-
charge and the wood discharge can be presented by a 3 stage model starting from 0.5 year
return period, with a positive trend until bankfull discharge and then a negative trend
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up to the maximum flood discharge. During the falling limb of the flood hydrograph, the
wood discharge is almost negligible and decreases mildly by decreasing flow discharge.
Total volume of the wood on this three stage model is significantly affected by time be-
tween two floods so that by increasing the time between two floods the total volume of
the wood increases. In any case, at the leading order, the wood length distribution and
wood transverse distribution are identical at the same river during different floods. We
also use wood fluxes as the first and easiest quantity in video monitoring to measuring
wood discharge. The results first show that it is important to select an appropriate time
interval to measure both wood fluxes and discharge, as they are sensitive to time for
time intervals less than 1.5 h. Secondly, at leading order, power law can predict wood
discharge from its fluxes. This relation is independent of flood discharge for one river.
In addition, comparison between the results of two cameras, provides some knowledge
about the camera positioning as well as selecting the best configuration for installing a
camera on the field.

IV.1.1.2 Dynamics of single pieces of wood

In chapter III, we considered the dynamics of one single piece of wood on the field, in
flume experiments and numerical models.

The field observations show that there is a transverse region on each river for which
most of the wood pass. This position is independent of flood discharge but varied from
one river to another.

Two experimental cases were studied, first the acceleration of a piece of wood, with
and without root, at the surface of a uniform flow, and second, the wood motion in
a nonuniform flow around an obstacle. We first show that the dynamic model (Eq.
(IT1.2)) fairly reproduces the accelerated motion of floating objects. Moreover, we iden-
tify a characteristic length scale named A, (Eq. (II1.3)) which is an appropriate scaling
for accelerating distance of a piece of wood from rest, so that after a distance X the log
reaches about 70% of its terminal velocity. On the field applications, this acceleration
length becomes important, when it is comparable with the flow length scale. Addition-
ally, for a floating log, regardless of its size and shape, A was measured to be about 2 to
4 times the streamwise body length. This result is valid, provided that Cp and C4 are
of order one, which is the case for wood motion in river.

In a second experiment, we considered the motion of the wood initially transported
almost at the flow velocity and facing an obstacle to explore the interaction with an
obstacle. As predicted from the model, we find that as soon as a piece of wood reaches the
flow velocity, it behaves as a tracer, regardless of its normalized characteristic response
distance A*, if it remains smaller than the flow scale. In other words, as soon as the
wood piece reaches the flow velocity, its motion will be accurately predicted by the
kinematic model assuming the object is a flow tracer. This result is confirmed by our
field observations. Comparison between wood and flow velocity on the field in both rivers
shows that wood has the same velocity as flow. Considering wood piece as a tracer, we
identify how the shape (e.g. presence of root and root length) and initial orientation of
the piece of wood affect the impact process.
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Figure IV.1: Effect of time between two floods and the flood magnitude on total wood
volume.

IV.1.2 Discussion

IV.1.2.1 Concurrent effect of inter-flood time and flood magnitude on total
wood volume

Here we observed that both time since the previous flood and maximum flood discharge
play a role on total volume of the wood. However,using only five floods, it is not possible
to find any relation between these three parameters. Figure IV.1 shows a rough estima-
tion of the relation between flood return period, time since the last flood and volume.

The proposed relation on this figure is

bf

where V' is the total volume of wood and At is the time since the last flood in days.
For this relation based on five monitored floods R? = 0.93 and RMSE = 20. Table
IV.1 shows the comparison between measured volume based on field data and based on
Eq. IV.1. As it can be seen Eq. IV.1 can be useful to predict the total wood volume.
But, it should be noted that in this equation there are uncertainties about the relation
between wood length and volume. Moreover, only five floods is not enough to have an
appropriate regression. Therefore, to explore the simultaneous effect of flood magnitude
and time between two floods, more floods need to be monitored.

— 113, (IV.1)

IV.1.2.2 Typical motion of individual pieces of wood in river

The motion of an individual wood in river can be described in three phases: (i) acceler-
ated motion after recruitment (ii) wood motion along the river and (iii) facing with an
obstacle. Figure IV.2 shows different phases of motion in a schematic view.
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Table IV.1: Total volume estimation based on field observations and using Eq. V.1

Volume m? Error
Flood
Field Eq. IV.1 Absolute m® Relative %
I-JAN18; 150 164 14 10
I-JAN18y; 58 66 8 14
A-NOV0O7 81 7 3 4
A-DECO7 31 35 3 11
A-APRO8 145 123 22 15
recruitment Y
NI o
o v=u
v=0 v<u v=u £
=
Fp#0 Fp=0 B
v v =cst
— N S —
phase 1 phase 11 phase III

Figure 1V.2: Schematic view of the motion of a piece of wood in different phases, re-
cruitment, movement along the river and facing with an obstacle.
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Figure IV.3: Typical distribution of A on the Isére (blue bars) and Ain(red bars) Rivers
base on wood length distribution in Fig. 11.22, p. 43.

The first phase of motion normally occurs during wood recruitment in river or along
very fast changes in river (e.g. river contraction/expansions or meandering in a short
distance). Numerical analysis show that this accelerated motion is scaled by an acceler-
ation distance scale A (Fig. I11.19, p. 81). Based on Fig. II1.20, p. 82, this acceleration
distance is typically about 2 times the wood streamwise length L., along which the wood
accelerates. In addition, A\ can be modified by the presence of roots so that at leading
order, A is decreased by increasing root frontal area and root pattern is a secondary fac-
tor. This observation confirms the simplification applied by Braudrick & Grant (2000)
assuming a circle at the end of the logs instead of a rootwad. This simplification can be
precisely useful in numerical models such as Ruiz-Villanueva et al. (2014a); Persi et al.
(2018a,b).

As soon as wood pieces reach the flow velocity, they enter in to the second phase of
motion. Both numerical and experimental analysis show that at this stage, floating wood
behaves as a tracer, following the flow streamlines. To see the behavior of the wood on
the field, it is necessary to compare wood and river length scales. Figure IV.3 shows the
distribution of A on the Isére River (blue bars) and Ain(red bars) based on wood length
distribution of Fig. 11.22, p. 43. According to Fig. II1.20, p. 82, X is assumed to be 2
times the wood length. Based on Fig. IV.2, on both rivers, A is of the order of 10 m.
On the other hand, on both rivers, the diameter of the meander at the station (as the
river length scale Lg) is around 1.5 km. Therefore, the acceleration length A compare to
the river length scale Lg is in the order of 1%. Therefore, it is expected that when in a
large river (Gurnell et al., 2002) a piece of wood is detected at the surface, typically it
behaves like a tracer. This is in agreement with our observation so that wood has the
same velocity as flow surface velocity on the Isere River Fig. III.4, p. 60 and the Ain
River Fig. 1.7, p. 15.

The third phase of motion presented in Fig. IV.2 is when a piece of wood approaches
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an instream hydraulic structure such as bridge pier or a trapping structure. The ex-
periments show that facing with a bridge pier with same orders of length scales (A =
O(10m), Ly = O(10m)), the wood pieces are following the streamline. However, just
near the obstacle there is up to 4% of Ly deviation from streamlines. Assuming for
example a 5 m diameter bridge pier, this deviation is limited to 20 cm. Therefore, in
the third phase of motion, near an obstacle, the wood is a tracer and its center of mass
follows the river streamlines.

Assuming that near an obstacle the center of mass of the wood follows the streamlines
results in an important consequence: for a tracer object, dynamics of the object does not
play a role in impact process but its geometric conditions such as initial orientation or
its shape are the governing factors in impact process. The experimental results on Fig.
II1.37, p. 98 show the same thing. For a floating wood when the center of mass follows
the streamline its shape and orientation govern the impact process, and for a rooted log
when its trunk follows the flow, larger roots increase the probability of impact. To be
able to predict if a piece of wood hit the obstacle or not, in Figs. I11.37 , I11.38, p. 98 it
is seen that the maximum distance from obstacle center line for impact is y. = 0.6(Ymaz)
which for a simple log is y. = 0.3(Lo + L) on each side of the obstacle. There fore as
it is seen in Fig. IV.2, the range of 0.6(Ly + L) in front of the obstacle is considered
as impact region presented in red color and beyond this region presented in green, no
impact was detected in our experiments.

It should be noted that these results are related to a 2D surface flow with a flat
bottom flume in a well controlled experimental environment. However, when it comes to
the flows with many complexities like the Ain River with a bridge pier at the upstream,
large sinuosity of the river and complex bathymetry, more studies are needed.

IV.1.3 Critical transverse position in a river (application to hazard
assessment)

To design a bridge pier, it is necessary to know the safe transverse location for a pier in
term of logjam. Similarly, to collect the wood pieces from the river using wood retention
structures, it is necessary to know the transverse position in the river, where most of
woods are passing. Based on our observations on the Ain and Isere Rivers, the transverse
distribution of wood appears to be barely dependent of the flow discharge. As a result,
we can define the critical transverse position as the region where most of the wood pieces
will pass. This amount of wood enhances flow resistance and causes congested transport
(Braudrick et al., 1997) that is more likely to form logjams at sites of reduced transport
capacity such as channel expansions or bends (Wohl, 2013). Therefore, this region is the
critical location to construct a bridge pier, but it is suitable for wood trapping structures.

The fact that the position of this critical region in term of wood flow is independent
of flood discharge would be important, because, at a certain point, if it is decided to
construct a structure, by monitoring the river only during one flood, it is possible to
determine the critical location of the river, in terms of the number of passing woods.
Figure IV.4(a) is an example showing schematically the wood transverse distribution and
the critical region related to wood flow as the position where 75% of the wood pieces
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Figure IV.4: Schematic view of the hazard assessment in term of wood pieces for a
bridge pier. (a) The transverse distribution of wood pieces in front of bridge piers. (b)
Schematic view of length distribution of instream wood pieces.

pass. In the previous section it is seen that the critical distance for impact in front of an
obstacle is 0.6( Lo+ L). Considering the L75 of the wood pieces as a characteristic length
for the instream logs, the critical distance for impact will be 0.6(Lg + L75). Therefore,
for positioning a bridge pier it is important to locate it in a position where typically the
instream pieces of wood do not pass in the range of 0.6(Lg + L75) in front of the bridge
pier. On the other hand, if a bridge pier is constructed at the region where high values
of wood fluxes pass, there is high probability of logjam. Figure IV.5, from Google Earth
service, is an example showing that in the same bridge, there is no wood on one pier
and there is a logjam on the other one. This section is located on the Isere river, 6 km
downstream of our study site. Beside other reasons, one reason of this asymmetry on
logjam would be the position of piers and the critical region of the river.

The different skewness of the wood transverse distribution between Ain and Iseére
causes different transverse position of the critical section. The different skewness can be
justified by river sinuosity as well as bathymetry. The sinuosity of river at the station
is larger on the Ain River (1.5) than the Isere River (1.1). In addition, based on Fig.
I11.4, p. 60 the side slope and shallowness of river can affect the wood velocity and thus,
transverse distribution of the wood.

IV.1.4 Recommendations to implement a streamside camera

The comparison between two different rivers highlights the importance on the camera
positioning. Table IV.2 shows the monitoring characteristics of the two stations. Based
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Figure IV.5: An example showing asymmetry on logjam in the same bridge. Figure is
taken from Google Earth service.
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Table IV.2: Monitoring characteristics of the two stations

Elevation above pixel size where most of the woods are detected —river frame rate Resolution Focal length View angle

bankfull level x-direction y-direction sinuosity Hz Pixel mm degree
Isere 8 m 0.02 to 0.04 m 1.1 5 600x800 3to9 30 to 84
Ain 9.8 m 0.1t00.12m 0.3 to 0.4 m 1.5 5 600x800 2.8-8.5 33.3 t0 92.3

on this table, the camera characteristics such as frame rate, resolution or focal length
are almost the same on both rivers. The two significant differences between the two sites
are river sinuosity and the distance at which most of the woods are detected (40 to 50
m from camera on the Isere River and 0 to 20 m from camera on the Ain River in Fig.

I11.2(a), (b), p. 58).

Two sites show different transverse wood distribution. So the position of the camera
should be determined based on the information required in river. If the precision of
statistics on wood is important, for example to estimate wood delivered at the outlet of
a given river, the best position would be close to the main flow axis, such as the outer
bend in rivers with large sinuosity. If the hazards due to wood at a specific point is
the main concern, the position of camera has to be at that specific point or if there is
not the required infrastructures such as internet connectivity or suitable position for in-
stalling the camera a position similar to the interested point in term of geomorphological
complexity like bathymetry and sinuosity has to be selected.

Here for example comparison between Figs. 111.2(a),(b), p. 58 shows that the number
of detected wood in the Ain River is much higher than the Isere River, but also the pieces
are smaller on the Ain River. Lassettre et al. (2008) observe bank retreat on the Ain
River during recent decades, so that during the period 1991 to 2000; the Ain River
provided a nearly greater wood volume than ten years before. This could also be due
to the cross-sectional variation of pixel size (see Fig. II.18, p. 38) resulting in a bias of
operator and more uncertainty in the observed parameters such as number, length or
velocity far from the camera. On the Ain River maximum of wood fluxes are focused in
front of the camera, which is the ideal situation to catch the wood flux (resolution here
is around 5 cm/pixel). In the case of the Isere River, wood peak is located in the middle
of the section (resolution here is 30 to 40 cm/pixel). Therefore, the pixel size and as a
consequence the accuracy of detection on the Isere River is 5 to 10 times less than the
Ain.

To describe the effect of pixel size variation, we consider a region that on both rivers
the pixel size is 20 cm. Based on Fig. I1.18(c), (d), p. 38 this region is around 25 to 30
m from the Isére camera and 35 to 40 m from the Ain camera. At this region the first
and third quartile of wood length on the Isere are around 1.5 and 4 m respectively and
on the Ain are around 1.5 and 5m. This means that in a region with the same pixel size
the typical wood length is even slightly larger on the Ain River than the Isére River.
Consequently, if most of the wood pieces are passing from the region with larger pixel size
(like the Isere River case) the smaller objects with less diameter are not detectable, so
the average length increases while the number of detected woods decreases. By contrast,
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when the most of wood pieces are detected in a region with small pixel size (like the Ain
River case), the small objects are also detectable, so more number of woods are detected
but with smaller typical length.

FElevation and transverse position of the camera are affected by river sinuosity. In a
river section with sharp curvature, like what we have on the Ain, stream side camera
works well. While in the case that river is almost straight and most of the wood pass
through the middle of the river, if there is access to a suspended bridge (in order not
to disturb the flow) middle of the bridge would be the best position, otherwise, it is
recommended that at the same time the elevation of camera and its focal length increase,
to decrease the oblique view to the middle of the river as possible.

The upstream infrastructures is another parameter affecting wood motion in two
different ways. Firstly, the upstream controlling structures like reservoirs affect flood
and wood discharge along the river. Hydrological regime of the Isere River was modified
during the middle of the twentieth century by hydroelectric power plants and inter-basin
transfers (Vivian, 1994; Peiry & Marnezy, 2000). While the low flows and frequent floods
on the Isere River are influenced by hydroelectric infrastructure upstream the station,
the floods more than 10 years return periods are much less influenced (Vivian, 1986;
Vivian & Pupier, 1996; Marnezy, 1999). Therefore, both floods monitored here on the
Isere River are affected by upstream infrastructures and there is a possibility that if there
were not these upstream controlling structures the flood magnitude and the amount of
wood fluxes varied from what we measured here. Secondly, the presence of instream
structures like a bridge pier can also affect the local transverse distribution of the wood
by changing the shape of flow surface streamlines. For example on the Ain, upstream
the field of view there is a bridge pier that affects the flow surface patterns. If this pier
was not located there, the flow structures and consequently wood trajectories would be
different from what we observed here.

Frame-rate is another parameter that plays a significant role in the volume of data
transformation. Videos with more frame rate, present high temporal resolution. The
application of continuous frames is to monitor the wood trajectory and wood velocity
components. Our observations indicate that 97% of detection cases, the presence time
of the wood in the field of view has been more than 5 s. Assuming 5 Hz frame rate,
the wood can be detected 25 times. The problem of small time steps is that for the
woods far from the camera, there is not a detectable transformation between each time
step. Due to the oblique view of camera and huge variation in size of pixels, it is
difficult to suggest the optimum time step. But it is clear that at the same rate of
data transmission, by decreasing number of frames for example to 1 Hz, it is possible to
increase resolution of images 5 times, which is quit effective to detect objects far from
the camera. Therefore, to select the model of camera, it is highly recommended to make
balance between resolution and frame rate.

Additionally the oblique view of the camera can be modified potentially by “Tilt—shift
photography” technique. Tilt—shift photography technique is the use of camera move-
ments that change the orientation and/or position of the lens with respect to the film
or image sensor on cameras. Tilting the camera results in perspective distortion and
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shifting the lens results in a picture of the entire subject without perspective distor-
tion. However to verify the efficiency of this technique on the field doing some tests are
necessary.

IV.2 Prospects

Present work provided some key scientific and technical contributions. In term of scien-
tific contributions, by finding the relation between flood characteristics and wood dis-
charge we tried to improve and develop the present knowledge about the link between
flow and wood discharge. Moreover, our studies show that a piece of wood is accelerated
in a limited length, which here is scaled by A and then can be considered as a passive
tracer. In term of technical contributions, by comparing the video monitoring technique
in two different sites we provide some recommendations that are useful for practitioners
for installing new monitoring stations. Several future works are worth considering to
enhance the accuracy of measuring wood fluxes by videography technique and extend
the application of this study.

IV.2.1 Wood accumulations upstream of obstacles

In this thesis, we studied the amount of wood pieces in a river as well as the dynamics
of a single piece of wood. It is seen that firstly most of wood pieces pass from a certain
cross-sectional region (Section III.1.2) with the same length distribution (Section II.3.2)
and secondly there is a certain region in front of the bridge pier where the probability of
impact is higher and influenced by the wood geometry (Section I11.2.4.4). In addition, in
the field, there is the transition from single wood pieces to multiple wood pieces and to log
jams. In this context, some works are quite promising to understand the combined effect
of flow, bridge and wood characteristics (Schalko, 2017; Schalko et al., 2019; De Cicco
et al., 2015, 2016; Schmocker & Hager, 2010, 2011; Schmocker & Weitbrecht, 2013) which
still constitute however a challenging question for future works.

IV.2.2 Wood sensing during night time

The most important limitation of video-monitoring approach is the visibility of wood,
due to the lack of clarity, distance from the camera, weather condition, density of wood
and so on. For example, in Fig. 11.21 (p. 42) and Fig. 11.25 (p. 47) which are dealing
with, respectively, the evolution of flow discharge with wood fluxes and wood discharge,
the gray regions represent the night time, when there was no light to detect the wood. It
is possible to minimize the effects of these potential problems by, for example, using night
vision cameras, increasing camera resolution or finding the best position for installing
the camera; alternatively, some post processing techniques based on in-site information
(e.g. predicting wood distribution during night based on flow discharge (I1.26 p. 49))
are possible. However, to have a better vision assessment on the capabilities of this
approach, more data on more rivers is needed. In any way, there will be a remaining
question about the overall assessment of wood fluxes in the field during different flood
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patterns not available in the thesis (e.g. multi-peak floods) during the time when there
is not enough visibility on the river like the gray regions in Figs. 11.21 and II.25.

IV.2.3 Evaluating the accuracy of transverse length distribution

In the present work and the similar work by MacVicar & Piégay (2012) the transverse
distribution of the wood length is measured by one camera at river side, and the lengths
are transformed to the metric coordinates by orthorectification process. However, there
is a lack of information about the wood length and frequency on other side of river due
to the big size of pixels. As it is seen here, on both cases for distances more than 60
m from the camera no wood is detected. Moreover, by increasing the distance from
the camera, the average wood length is increased. This can be due to the fact that far
from the camera it is not possible to detect the smaller pieces resulted in increasing the
average length of the wood. Therefore, there is uncertainty if it is due to the actual
wood distribution or if it is a detection bias.

One suggestion to know to what extent the operator can detect the objects far from
the camera is using a scale as a known object, and check its vision on camera from one
side to other side of river. Also using two cameras on both sides of the river would be
another solution for evaluating the operator bias based on a real flood data.

IV.2.4 Relation between wood length and volume

The direct method to calculate the wood volume is extract the wood length and mean
diameter and calculate the volume, considering each piece as a single stem. To find a
relation between wood length to volume, we used the same relation based on videography
data on the Ain. On the Ain River it is possible to detect diameter using videography
technique because, most of the woods passed near the camera and at this position the
pixel size is small enough (less than 5 cm) to detect the large woods (L > 1 m).

Calculation the wood geometrical parameters based on videography is associated
with errors. The first source of error is due to the assumption of the wood as a complete
cylinder, while in some cases roots and branches are observed. The second source of
error comes from the proportion of image pixel size to detectable width (diameter) of
the wood, especially far from the camera, which creates significant error. In general, in
the field videos, due to the very small ratio between diameter and length, measuring the
diameter of the wood is much more sensitive than its length (MacVicar et al., 2009).
Therefore, measuring the relation between wood length and diameter/volume at some
retention points like dam reservoirs can enhance the accuracy of volume measurements.

It should be noted that the detectable width of the wood is different from the wood
diameter due to the buoyancy of wood. For example Ruiz-Villanueva et al. (2014c)
measured the average buoyancy of the wood pieces on the Rhone/Genissiat, it is then
possible to assess potentially the effect of buoyancy on the wood volume.
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IV.2.5 Extend the application of the current numerical model by in-
creasing complexity of float and flow

In this work, to show the dynamic model for simulating the motion of floating object we
use a simple case of Basset-Boussinesq-Oseen equation without lateral forces. Using this
equation it is possible to model the motion of symmetric objects in streamwise direction,
and in potential flow. In the field, there are different complexities such as flow vorticity,
and asymmetry of the wood due to its initial orientation or its shape. Therefore, in line
with the approach developed in this work, it would be interesting to complete the tests
on the use of the Basset-Boussinesq-Oseen equation for very large particulate Reynolds
numbers, like large wood pieces in a river, and better assess trapping conditions and
associated flow obstruction.

IV.2.6 Effect of secondary flows on transverse distribution of the wood

In large rivers the flow is characterized by secondary flows (Nezu et al., 1993; Chauvet
et al., 2014). These secondary flow cells have an impact on transverse velocity fields
in river. Our field observations (Figs. IIL.2(a), (b), p. 58) show different transverse
distribution of the wood on different morphological conditions. As mentioned along
the river, the floating wood pieces behave as tracers. Therefore, the surface flow due
to secondary flow is one of the key factors for different transverse distributions of the
wood. The effect of secondary cells can be precisely observed in meandering rivers
(Blanckaert & De Vriend, 2004) what we saw on the Ain River with more skewness of
the wood transverse distribution. Therefore, the 2D surface model can not simulate
this condition. In order to be able to predict the transverse distribution of the wood in
river, it is necessary to take into account these secondary flows, to see to what extent do
these secondary flow cells impact the transverse distribution of floating wood in streams,
throughout more complicate experiments or 3D simulations. A preliminary experiment,
was designed in summer 2019 during the training master course of A.Delhaise.
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Present work will be part of the driftwood hazard and risk assessments, for which
accurate wood dynamics quantities are invaluable. The recent workshop closing the
"BoiFIMU” project was behind lively discussions about the solutions that should be
favored or combined to decrease driftwood risk. Some of them propose decreasing the
hazard by bank maintenance operations, making the banks poorer in wood material,
or by building devoted civil engineering structures such as wood traps. Others favor
decreasing the vulnerability, modifying for example the shape of the bridge decks or piers,
or adopting facilities foldable in case of floods. Present field technique, by providing logs
and fluxes characteristics, can contribute in evaluating the efficiency of these different
solutions, to correlate fluxes with maintenance operations, etc. Knowledge concerning
trajectories and collision probabilities would be useful in the design process of bridges
(position, number, shape of piers) and more generally of hydraulic structures.
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