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MONDAY—18 NOV, 9:30AM

MURRAY HICKS

Principal Scientist for River and Coastal
Geomorphology at NIWA,
Christchurch, NZ

Murray Hicks is Principal Scientist for River and Coastal
Geomorphology at the National Institute of Water and
Atmospheric Research Ltd (NIWA) in Christchurch. With
undergraduate honours degrees in geology and civil engineering
from Otago and Canterbury Universities, his PhD at the
University of California focussed on sediment transport by
coastal and river processes. His career since has stayed in

the same domain, working mostly at NIWA as a researcher

and consultant. With NIWA colleagues and international
collaborators, much of this has been devoted to measuring and
modelling the morphodynamics of braided rivers and applying
results to assessing the effects of water-use schemes, dams, and
gravel extraction on river morphology and physical habitat. He
has also used coastal sediment budgets, remote-sensing, and
morphological models to investigate the effects of changing
river sand/gravel yields on the stability of adjacent coasts in
the context of rising sea level and changing wave climate. He
has also led projects, and trained many others, to measure and
analyse the suspended load of New Zealand rivers, producing
guidance manuals and national scale GIS models to predict
sediment yield.

MCRE-NZ: Morphodynamic Challenges in Braided River Environments of New Zealand

This talk introduces morphodynamics research challenges to assist environmental/engineering issues in
New Zealand’s braided rivers, which are becoming increasingly threatened by demands for irrigation water,
braidplain conversion to farmland, and extreme events associated with earthquakes and climate change.

With baseflows and groundwater fully allocated, the water demand is now directed at flood-harvesting.
Effects include fine-sediment deposition on recessions and long-term morphological change, compounded by
interactions with vegetation and wind-blown sediment, with impacts on ecosystems and human values. Key
morphodynamic challenges are to detect and predict event-scale and long-term consequences.

Braidplains on range-front alluvial fans are prone to flooding associated with aggradation accelerated by
gravel-supply events from earthquakes and floods and by engineered channel confinement. Sustainable
management often stalls from a vicious circle of low confidence in predicted river response to high-cost
intervention with limited funding. Novel research exploring the interaction of transient morphological events
(e.g. avulsions) and confinement on bedload transport efficiency offers a chance to break this impasse.

Most braided rivers enter the sea via “hapua” - elongated lagoons fronted by wave-built barriers with
unstable outlets prone to closing. This produces a risky environment, particularly for flooding and fish-
migration, sensitive to changes in river regime and wave climate. The morphodynamic challenge is to
numerically predict the consequences of changing controls on these 3-d, hybrid river/coastal features.



TUESDAY—19 NOV, 8:30AM

LAURA J. MOORE

The University of North Carolina,
USA

Laura J. Moore is an Associate Professor in the Department

of Geological Sciences and the Environment, Ecology and
Energy Program at The University of North Carolina at

Chapel Hill. Laura's interdisciplinary research program in

coastal geomorphology focuses on the response of low-

lying coastal environments to climate change. Her recent

and ongoing work relies on the merging of numerical and
observational approaches to investigate coastal foredune
ecomorphodynamics, barrier island response to climate change;
couplings among barrier islands, back-barrier marshes and back-
barrier bays; large-scale coastline response to changing wave
climate; and coupled natural-human coastline dynamics. Laura
has been an Investigator at the Virginia Coast Reserve Long-
term Ecological Research site in the U.S. since 2008. Recently,
she was the lead editor of Barrier Dynamics and Response to
Changing Climate published in 2018 by Springer and served as a
member of the National Academy of Sciences Committee, Long-
term Coastal Zone Dynamics: Interactions and Feedbacks between
Natural and Human Processes along the U.S. Gulf Coast.

The Role of Ecomorphodynamic Feedbacks, Landscape Couplings and Natural-Human
Dynamics in Determining the Fate of Coastal Barrier Systems

Because coastal barriers are low-lying and dynamic landforms, they are especially sensitive to changing
environmental conditions. The effectiveness of storms in building elevation and moving a barrier landward as
conditions change is largely determined by foredune morphology, which is a product of feedbacks between
vegetation and sediment transport processes. For example, the cross-shore and alongshore shape of coastal
foredunes is influenced by the distance from the shoreline that vegetation can grow, the lateral and vertical
growth rate (and form) of dune-building grasses, and the rate of lateral vegetation growth relative to the rate
of shoreline change. Coastal foredune morphology largely determines barrier state (including the possibility
for bistable dynamics) and, thus, the degree to which connectivity with back-barrier environments will
influence overall barrier system response to changing conditions. Coupled natural-human dynamics also
alter ecomorphodynamic processes, barrier morphology, and sediment flux, further influencing the future
evolution of developed coastal barrier systems worldwide.



TUESDAY—19 NOV, 5:00PM

DANIEL PARSONS

University of Hull,
UK

Professor Dan Parsons leads the Energy and Environment
Institute (EEI) at the University of Hull, UK. The EEI gathers
together multidisciplinary researchers from across the
University to conduct impactful research on the global
challenges presented by environmental change and securing

a low-carbon energy transition. Dan is an active researcher

in areas related to fluvial, estuarine, coastal and deep marine
sedimentary environments, exploring responses of these
systems to climate and environmental change. He has research
interests in anthropogenic disturbances to these systems and
determining necessary societal adaptations to mitigate the
impact of change - for example understanding how evolving
flood risk on large mega-deltas can impact populations and their
related livelihoods through to understanding and quantifying
and predicting the magnitude of risk and hazard from natural
system function.

The Impact of Unsteadiness and Non-stationarity in Riverine and Estuarine Systems:
Morphodynamic Response and (In)stability

Riverine and tidal flows are inherently non-stationary, varying on a range of timescales. These variations in
flows field strength alter a suite of morphodynamic processes. For example, during flow field unsteadiness
bedforms change in size and shape over time and in space, altering bed roughness and imparting system
hysteresis between flows and form. However, our knowledge of how these bedforms adapt to changing
flows remains inadequately understood. Moreover, how these variations, and hysteresis between flow and
form, manifest at broader scales and control the morphodynamic evolution of the wider system is also poorly
understood.

Herein | will present a mix of laboratory flume experiments, field case studies and numerical experiments to
explore some of these relationships and their controls. The result indicate how changes in primary sediment
transport mechanisms can dominate how dunes change with unsteady flows and how sediment redistribution
over greater spatial scales can also play a significant role. Where substrate sediments are comprised of mixed
sand and mud, the results indicate how this can play a first-order control on bedform size and aspect ratios,
also altering adaption styles and rates as well as impacting the levels of hysteresis between flow and form.

How this work extends our knowledge on the impact of variable flows on riverine and esturine processes
will be discussed and the broader impact and significance of the findings for a wide variety of purposes, such
as improving morphodynamic modelling over large spatio-temporal scales, environmental and engineering
management, and more reliable flood predictions will also be highlighted.
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WEDNESDAY—20 NOV, 8:30AM

DOUGLAS J. JEROLMACK

University of Pennsylvania,
USA

Professor Doug Jerolmack’s research focuses on the spatial and
temporal evolution of patterns that emerge at the interface

of fluid and sediment on Earth and planetary surfaces. His
group uses laboratory experiments, combined with field work
and theory, to elucidate the minimum number of ingredients
that are required to explain physical phenomena. Particular

foci include: granular physics of fluid-driven (water and wind)
sediment transport; landform dynamics including dunes, river
channels, deltas and fans; stochastic and nonlinear transport
processes; and landscape response to dynamic boundary
conditions such as climate. Doug is currently Professor and
Graduate Chair in Earth and Environmental Science, with a
secondary appointment in Mechanical Engineering and Applied
Mechanics, at University of Pennsylvania, USA. Doug received a
B.S. in Environmental Engineering at Drexel University in 2001,
PhD in Geophysics from MIT in 2006, and was a postdoctoral
researcher at Saint Anthony Falls Lab at University of Minnesota
2006-2007. Doug has been at Penn since 2007.

All Rivers Are Threshold If You Average the Hell out of Them

A laundry list of factors have been proposed to control alluvial river size. Near-universal scaling relations
between channel geometry and discharge, however, suggest a common organizing principle. Numerous
metaphysical explanations have been advanced. We propose an extension of Parker's original theory for
gravel-bed rivers: River geometry adjusts to the threshold fluid entrainment stress of the most resistant
material lining the channel. For gravel-bed rivers this is gravel, but for sand-bed rivers this is muddy bank
material. This "threshold limiting material" model describes the hydraulic state of natural rivers - so long as
we appropriately average over all of the time and space scales of variation in the flow. It is also compatible
with dynamics: erosion and deposition associated with meandering represent higher-order variations in fluid
stress around the mean state. Thus, we consider the generalized Parker model as a mean field theory for
alluvial river geometry, that highlights the importance of the entrainment threshold. Increasing the relative
threshold of bank to bed material leads to a proportionate reduction in channel width and increase in channel
depth; in this manner, muddy banks encourage sand-bed rivers to adopt a meandering (rather than braided)
morphology. All kinds of important implications may be imagined for managing rivers, dealing with climate
change, and of course Mars."

4l



WEDNESDAY—20 NOV, 4:30PM

CATHERINE KNIGHT

Writer and Environmental Historian,
Manawatu, N2

Dr Catherine Knight is a writer and environmental historian.
She is a Senior Associate at the Institute for Governance and
Policy Studies, Victoria University of Wellington and Honorary
Research Associate at the School of People, Environment and
Planning, Massey University. She has published four books
relating to New Zealand’s environmental history, including
New Zealand'’s Rivers: An environmental history (Canterbury
University Press, 2016), which was long-listed for the Ockham
New Zealand Book Awards, short-listed for the New Zealand
Heritage Book Awards and selected as one of The Listener’s
Best Books for 2016. Her other books are: Beyond Manapouri:
50 years of environmental politics in New Zealand (Canterbury
University Press), which was a finalist in the New Zealand
Heritage Book Awards; Ravaged Beauty: An environmental
history of the Manawatu (Dunmore Press), which was the
winner of the J.M. Sherrard Award for Regional and Local
History; and Wildbore: A photographic legacy (Totara Press).
Catherine works as a policy and communications consultant at
KHM Consulting, based in the Manawatu.

The Changing Meaning of Rivers in Aotearoa New Zealand

In this talk Dr Catherine Knight will explore how perceptions of rivers in Aotearoa New Zealand has evolved
since the country’s settlement by Europeans, two centuries ago. For most of our post-colonial history,

rivers have been viewed as something to be controlled and managed - even ‘improved’. But today, rivers
are increasingly being recognised as embodying a broad range of values from the ecological to the spiritual
- not simply as a ‘channel of water’ that can be exploited for human ends. While much of this evolving
understanding stems from the advance in scientific knowledge, much too has its roots in our collective past.

VI
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INDEX—MONDAY, 18 NOV

Oral Presentations

Estuaries

Determining morphological stability of tidally-influenced bifurcations

IWantoro, Van der VG, KICINNANS...............eeeeeeeeeeeeeeeeeeeeeeetesesetesesesesesesessssesesssesessasesesssesessasesesssesessasesessesesensesessnsesenen 1
A Theoretical Study on the Width-To-Depth Ratio of a Tidal Channel

KU, HE, COCO, ZNOU, TAO...cuoeeeeeeeeeeieeieeeeeeeeeeeeeeeestesteeteeseeseeseestestestessessessessesstestestenssassessessesstestententessessessesstestestensessessessessesseensonsen 2

Morphodynamic Equilibria and Linear Stability in Tidal Estuaries: Influence of Coriolis and Planform
Geometry

Schuttelaars, Boelens, De Mulder, Deng, SCRIAMKOWSKi..........coeeueveereeceerereeeereeeeereeeeeseseeesesssesessesesessesesessesessssssessssesessnssens 3
Influence of the inlet geometry on the deflection of bed material into lateral river branches

KGSENEE, HOTEINK......eeeeeeeeeeeteteteeeeeeeeee ettt sttt et ss e e e sas e ssse s et esssasasasasessasetesesesesasasassssasessesasesasasasessntnsseseseseseresersnsnsasns 4
Morphodynamic evolution of a funnel shaped tidal estuary:

(©] 1] 070 (4 [=11¢ B €1=AY/=TAK @loTolo I 2 4 T=Te [ [0l S G [o JE OO 5
The impact of basin geometry on the long-term morphological evolution of barrier coasts: an exploratory
modelling study

Reef, ROOS, SCULLEIAAIS, HUISCREK ..ottt se e st sess et sessessssessestsnsssessesessensonessensasesensenessensonens 6

Coastal Sediment Transport
Entraiment of Very Fine Sediment in Treating the Estuary Bed Evolution

EZASNira, HArada, ARME(.............uueeeeeeererereeeeeeteeeteeesesese s sesesesese s s asasessesesesesesessssasasssesesesesesessnsasasssesssesesesesessssasnnnseseses 7
Analysis of Mud Deposit Characteristics using the Vertical Profile in an Estuary

AZNIKOAAN, YOKOYAM ...ttt sss st ess st sse s st ess s st essnsetessasstessasetessasesesssesensasesensesesensesssenne 8
Bottom stress and hydrodynamics: field study on Perkpolder (NL)

SANTIFOSE, SCRUPDD .ttt et ese s et e s et e s s ese e s e s essnseses st esess et et ess et esess s esenssesensesessnsesesensesessasesessasene 9

Variability in estuarine vertical mixing as an influencing factor in suspended sediment flux in weakly
stratified estuaries
Wei, Williams, Schuttelaars, Brown, TROINE, AMOUGIY..........ceeeeeeeeeeeeeeeeeeeereieeeesessssesessesesessesesessesesessesessssesessssesessasesessnsene 10

Marshes and Intertidal Flats
Unravelling creek formation on intertidal flats

Hanssen, van Prooijen, de Vet, HEIrMaAN, WANG............eeeeeeeeeeeeeeeeeeeeeeseseseessesesessesesessesesssesssssesessesessssesesensesessnses 11
Long-term morphological evolution of intertidal flats: how do storms affect this?

de Vet, van Prooijen, Colosimo, Steiner, Ysebaert, HErman, WANG............uceeeeeveeeeveeeeeerereeereerereeeveseseesesessesesessesesessesesenses 12
Wind wave-induced erosion in the Venice Lagoon in the last four centuries: a statistical characterization
Carniello, D'Alpaos, Tognin, Tommasini, D’AIPA0OS, RINAIO.............cueeereeeereeeeereeeereieeeereseeeeesesesesesesesesesssesesssesesssesenses 13
Disentangling interactions of salt marsh species and mud accretion in dynamic estuaries

Briickner, SChwarz, Braat, KIBINNANS..............ceeueeeeereeeiereeeeeteeereseeeseseesesesesesessesesssesessssesessssesesssessssesessssesessasesesssesessnseses 14
Salt marsh loss affects tides and sediment fluxes in shallow bays

Fagherazzi, Donatelli, ZNANG, GANjU, LEONGIUI..........overerererereeerererererererereessesesesesesesesesesssssesesesesesessssassssesesesesesssensasnsenes 15
Building and raising land: the effect of mud and vegetation on the development of infilling estuaries
WEISSCREE, VAN AN HOVEN, KICINGANS. c....eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeesee et eeeeeueeeseseessesessessessssessesseseeseeteseesteseeseessessesnseeeseennenes 16
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INDEX—MONDAY, 18 NOV

Oral Presentations

Anthropogenic Effects on Morphodynamics
Sediment erosion mechanisms driving local scour around a patch of emerged vegetation in a river

CRANG, CONSEANTINESCUL .....vveeevevevereeeeeereieeeteeetesesee et esese s ese st et ess s ebess et esess et esess et esens et eseas et ess s et essasesessasesenssetensesesensesessasesens 17
Human versus Autogenic Controls on River Morphodynamics: The Rhine River from source to mouth

Frings, HIlleDrANG, HOfIMANN. ........uoueeeeereeereeeereeeteteeeteseeeteeseveseseressesese s sese st esessesesesssesessesesensesessnsesessnsesessasesessnsesensasesen 18
Needles in a Haystack: Twitter for Coastal Morphodynamics

Goldstein, Beuzen, Sayedahmed, MONANLY, LAZAIUS..........coeeeueeeereeeeereeeeereeeeeseseesesessesesesesesesesesessesesessesessasesesssesesssesenses 19
Biogeomorphic evolution of a modern mangrove forest in a sediment-rich estuary, New Zealand

SWAIES, BENLIEY, REEVE, LOVEIOCK..........ooeeeeeeeeieeeeeeieeeeeteeteeeeeteteteetetese st eessesessessesessssesessessesessensesensensesesensessssensessesensensens 20

River Morphodynamics

Antidunes on steep slopes: variability of wave geometry and migration celerity
PASCAL ANCY, BONOIGUEZ......cocveeeeeveervereeerereeerereeeeseseesesesesesesssesesssesesssesesssesesssesassesessasesessnsesessnsesessasesessasesesssesensesesenssesen 21

Stratomorphodynamics of the Selenga River Delta, Lake Baikal: the Premier Modern System for
Investigating Autogenic and Allogenic Influences on Stratigraphy

INTEEFOUEK, DONG, MCEINOY.uuueeeveeeeeeveeeereeeereeieveceteresetesesesese s sessssesesssseseessesessssesessasesessssesassesesasssesessesessnsesessnsesessnsesessnsesen 22
Initiation, growth and interactions of bars in a sandy-gravel bed river.
Le Guern, Rodrigues, Tassi, JUGE, HANAFUS, DUDEITAY...........cceeeereeereeerererereeiereseeesesesesesesssssssesesesesesesssssssssesesesesesssensasasnes 23

Discharge variations and bar patterns in a channel contraction/expansion of a sandy-gravel river (Middle
Loire)

Cordier, Claude, Tassi, Crosato, Rodrigues, PRAM VAN BANG...........eeeeeeeerereeeeeererereresesessessesesesesesesesesssssssesssesesesesenses 24
A framework to better understand river side channel development

Pepijn van Denderen, SCRICIEN, HUISCREN..............oeeeeeeeeeeeeeeeeeteeeeeteeeveteesesessesesessssesessesesessesesessesesessesessasesessnsesessnsesensas 25
Estimation of riverbed evolution at hydrometric stations using the stage record

Darienzo, Le €Oz, RENAIT, LANG........euueeeereeeeereeeeereieeereeeereseeeeseseesesessesesesssesesssesessesesessesesessasessssesessnsesesensesessnsesessasesesssesenen 26

River Modelling
Influence of the position and angle in the trapped efficiency of flow in a bifurcation along a bend
Caballero, Dominguez Ruben, Mendoza, SZUpPiaNy, BEIrEZOWSKY.........cweeeeeeeereeeeeeeeerereeesessesesessesesessesesssesessssesessesesenses 27

Testing long-term channel network incision models using a natural experiment in post-glacial landscape
evolution
Tucker, Barnhart, Doty, Glade, Hill, ROSSi, SNODE............oeoueeeeereeeteeeeeeeeeteeeeercseevesessesesessesesessesesessesesessesessasesesssesessnsesenses 28

Comparing Non-Newtonian Approaches to Experimental Results: Validating Mud and Debris Flow in HEC-
RAS

GibSON, FIOYA, SANCREZ, HEALN. ...ttt es bbbt s e ss b ss s ebess s ebessesebessesesessesesessesensasesenees 29
A well-posed model for 2D mixed-size sediment morphodynamics
Chavarrias, Ottevanger, SCRIIEN, BIOM............ocuueeeereeeeieeieteieieeeeese e ss e sesesessese e ssssesessesesessesessssesessssesessesesensasene 30
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INDEX—MONDAY, 18 NOV

Oral Presentations

Bank Erosion

Towards understanding the role of fatigue and rock damage accumulation on sea cliff erosion using seismic
methods

Masteller, Hovius, Thompson, Woo, Adams, Dickson, Rosser, Young, Brain, Vann JONEs..............ceveeveerecereeeereeveenns 31
Processes and Properties of Return-Flow Channels Cut into San Jose Island During Hurricane Harvey, Texas,
USA, August 2017

Ruangsirikulchai, Mohrig, Wilson, HASSENIUCK-GUUAIPAL.........oueveveeeeerereeereeeeereeeeereieeeesesesesesesesesesesesesessssesesssesesssesenses 32
The role of bank height and near-bank water depth on bank failure patterns in tidal channels

ZNANG, GONG, ZNAO, WANG.c..voeveveteeereeeiereeeeereieereseeesesesesesssesesssesessssesessssesessssesasssesesssessasesessnsesessnsesessesesessnsesesssessnsesessnsene 33

Study on Estimation of bank erosion possibility in steep slope river channel—A Case study on Otofuke River
in Japan

Okabe, Shimizu, Kyuka, Hasegawa, Shinjo, YAMAGUCK I ...........cueeeveueeereteeeteeiereieteteetesesseesesssesessesessesessasesessssesessnsesennes 34
How does marsh edge erosion vary across salinity gradients?

Valentine, Bruno, QUITK, MAFIOHT........co.oeuieieiiiiieiieiieierieeietetetessessessesstessessessessessessessssssessessessessessesssonsensonsessessessesssossonsonses 35
Chenier dynamics at an eroding mangrove-mud coastline in Demak, Indonesia

TAS, VAN IMAFEI, REINIBES...eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeteeeeeteesteestestesessssesaseestesstesstessessaeessessteestasseesseesseesteesesesesesessesssesssesstessesssessens 36

Instrumentation and Methodology Advances
Grain-Scale Roughness Classification in the Laboratory

RACKHEIY, WEILDIECNT, BOES.........oceeeeeeeeeeeeeeeeteeeeteeteeeeeeteet ettt eses e ses st e s et essesesessesensensesensessesensensesssensessesensessesensenees 37
Estimating the attenuation of sound by sediment using a tilted ADCP transducer

Poelman, Hoitink...................... Jyyeeeseeneentent et aateeteeneen e et et et e et eeneeseenee s et e et eateeseeseentent et e et eateeaeeneene et e ateateeeeeneenee e eateateeeeenenaeeneeneenes 38
Image-based 3D measurement of size, location, and orientation of gravel grains

Detert, RACNEIIY, BIreZZi, BiGGS.......coveveeeeeeeeeeereeeeerereeeeseseesesessesesessesessssesesssesessnsesesssesesssesesssesessesessnsesessnsesessnsesessnsesesssesenses 39
X-Ray CT Analysis of Vertical Porosity Variations in Sand-Gravel Mixtures

Tabesh, Huguett Mejia, Vollmer, SCRUTEIUMPDE, FHINGS.....vouirieerereietereeeereeeeereeeeesessesesesesesessesesessesesessesessssesesssesesssesesssesenses 40
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INDEX—MONDAY, 18 NOV

Poster Presentations

Correlation of landslide area variation with occurrence of intensive rainfall events in an upstream region of
the Midorikawa Reservoir, Japan.

Akiyama, AoKi, ISNIKAWGA, TAKARASA. .........oooeeueeeeeeeeeeeeeeeeeeeeeee ettt ettt ssese st sse st sssnsessssasssensasans 41
Towards an understanding of sand-mud segregation in tidal basins.

Colina Alonso, van Maren, WaNG, HEIMQAN............ueeeeeeeeeeeeeeeeeereeeeteseeeesesessesessssessssssesssssssessessssssesesessesessasesessnsesesssesenses 42
A Model for Bedload Particle Motion Over Equilibrium Mobile Bedforms

Ashley, Mahon, NaGShDANC, LEArY, MCEIFOY...........eueeeeeeeeeeeeeeereeeeeseseeteesesesesseseessesesssesesssesesssesesssesesssesenssessnsesessnsane 43
Macrorugosities as promotors of sediment movement

Bateman, S0SA, ONOFALT, MAITNESTEVE.........ouueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeestestestsstessessssss st sstsstessssasssssssssssstessessessessesssssesseessensenes 44
Sediment dynamics study under extreme tidal currents

Blanpain, Minster, Le Dantec, Filipot, MEaL, GAIIAN. .............eoeeeeeeeeeeeeieeeeeeeeeeeeeeteseeeesetesssse e ssesessssessessessssensesssenes 45
Physical modeling of sediment transport by bedload and suspensions

Bouvet, Jarno, BIanpain, GArlan, MAFIN...............oeoceeeeeieeeeeeeeeeereveeeseeesessessessesessessesessessessssessesessessessssessessssessessssensensesens 46
Effects of Sediment Strength on Sediment Transport Mechanisms and Morphology of a Dynamic Sandy Spit
BYAlll, SEAFK..u.eoeeeeeeeeereverereteeeeeeetete et s s s s et es s s s ebese b se e asasesebesesebesessasaseseses et ebebesesessasasesesebesesesesessasananesenesesesane 47
A model for tidal propagation in intertidal regions with mangroves

Bryan, FAGNEIAZZi, MUIIAINEY...........oeeueeeeeereeeeeereeeeeteeeeeeeeetesee e sesessessses et esessesesess et esensesessssesessasesessasesessasesesssesensasesensesesenes 48
The stochastic nature of vegetation removal driven by riverbed erosion

Calvani, PErona, SCRONIGEE, SOIANi........euueeeeeeeeeeeeeeeereeeeeeeeeeteeeeeseseeresessesesesssesessssesessesesessesesessesesessesesensesessnsesessnsesessnsesessase 49
A New Approach for Bathymetric Video-Inversion: Synthetic Case

Calvete, SImarro, LUQUE, OFfIlA, RIDAS.........c.oeeeveeeereeeeereeeeereseereeeeesesesseseseesesessssesesssesessasesesssesesssessssesessssesessasesessnsesessnsesesses 50
Simulation of the diverse fish habitat in alluvial rivers-A case study of Tsengwen river

GBI, TSQ.vevveveneerereeerereieeseieeseseeseseessese s ssesesssebesssesesssesessesesessesesassesesassesessssesessssesessssesesensesessrsesessrsesessesebenaesebensrsebensesesensrsene 51
Impact of dredging activities on salt marshes of Aveiro Lagoon

Lopes, Mendes, CACAUOL, DIGS.........c.c.ceeeeeveeeereeieereiesieseiesseseissseesssessssssesssesessssesessssesessssesessssesessssessssesessssesessssesessssesensesesensns 52
The effect and evolution of a shoreface nourishment

(@ 1= B o To o AR 53
Effect of Selective Withdrawal and Vertical Curtain on Reservoir Sedimentation: a 3-D Numerical Modelling
Approach

Duka, YOKOYAMQ, SRINEANT, IGUCRI......eueeeeeeeeeeeeeeeeeeeeeeeeeeeeee ettt ssetesessesese et essssesesensesesensesessasesessnsesessasesessasesensasesen 54
Impact of Bulle-Effect on Morphodynamics of Fluvial Diversions

DULEA, TASSE, WANG, GAICIQ..evverenvereeeeereeerereeereeerereeeresessssesessssesessssesessesesessesesessesessssesessasesessnsesessasesessasesesssesessesessnsesesensesesen 55
Ten Reasons to Set up Channel Sediment Budgets for River Management

FIINGS, TN BEINKE......voveevevereeereteiereectereeeteteeee ettt s e s e ssebese s ebe s s ebess s ebessesebansebeseasesessasebessasebessesesessesebensesesensesesensesesease 56

Spatiotemporal analysis on three-dimensional morphology of coastal cliffs using terrestrial laser scanning
and SfM-MVS photogrammetry

HAYAKAWA, ODANAWG..........ooeeeeeeeeeeeeeeereeeeeeeeeeeeveseeeseeee e e tesessssesessssessessesensessssensessesensessssensessesensensesessensesessenssasnsensenes 57
Simulation for the transition of fish habitat in rivers

HUNG, LO, CREN, TSi..vcvveveeeererrerererererereeeeeessaeseseseesssssssesesesesesesessasasssesssesesesesessssssasssssesesesessssssnsasssessesesesesessssasssnsssesesesesens 58
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1. Introduction

The morphology of river bifurcations often evolves
asymmetrically, resulting in an avulsion (i.e. unstable
bifurcations). Bolla Pittaluga et al. (2015) proposed a
stability theory of bifurcations for gravel and sand bed
rivers using an idealized model. They found that for high
and low values of the Shields number the bifurcation is
unstable, while for a limited range of Shields numbers the
bifurcation can be stable. Observations suggest that
bifurcations in tidally influenced systems are stable;
however, the stability theory has not been applied to tidal
systems. This is because of the presence of bi-directional
flows induced by tides, suspended load dominated
condition, and typical low channel slopes in tidal deltas
and estuaries. Here we study the morphological evolution
of bifurcations in the range from river- to tide-dominated
systems.

2. Method

We developed a 1D numerical model that solves the 1D
shallow water equations, sediment transport and the
sediment mass conservation equation for a system
consisting of one upstream channel and two downstream
branches. To solve the sediment division at the
bifurcation we used an improved version of the nodal
point relationship of Bolla Pittaluga et al. (2015). It
includes both bed-load and suspended load transport and
can cover the changing flow directions in tidal systems.
The division of bed-load at the junction was affected by
both cross-channel flow and transverse bed slopes, while
for suspended load, in contrast to Bolla Pittaluga et al.
(2015), it is only affected by cross-channel flow. The
results of the 1D model has been well-verified against
fully-numerical 2D model (Delft3D). Furthermore, this
1D model is also applied to analyse the morphodynamic
of channel networks in urbanized delta (Dordtsche Kil
channel network, Rhine-Meuse delta, the Netherlands).
To analyse the stability of the bifurcations, identical
branches were initially defined. Then a small depth
difference between branches was prescribed. When this
depth asymmetry grows in time the system is unstable,
when it decays it is stable. The channel configuration and
other model settings were based on observed bifurcations.
In shown results, the Shields number was varied by
varying the Dso in the range of sandy material (0.1-1 mm).

3. Results and conclusions

For river-dominated systems, we found that systems with
lower channel slope have a narrower range of Shields
number for which stable solutions are present, as shown
in Figure 1. Thus, besides a larger width-to-depth ratio
(W/h), a lower channel slope also causes a more limited
range of Shields numbers for stable bifurcations.
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Figure 1: stability of bifurcations for different slopes
with w/h of 15 (left) and 30 (right). AQ is discharge
difference between branches.

Based on a first set of simulations for tide-dominated
systems, we conclude that tides oppose this asymmetric
development and results in a stable bifurcation for all
tidally averaged Shields numbers (Figure 2). Meanwhile,
with the same configuration, the opposite behaviour is
shown in river only conditions.

w/h 30; slope 1e-5; river discharge 318 m’/s; tidal amplitude (Asz)' 15m
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Figure 2: stability of bifurcations for tidally influenced
and river-only condition for w/h =30 and slope = 1e-5.
Waeptn is tidally averaged depth ratio (H2-Hs/H2+Hs). Hi is
tidally averaged depth for different branches.

From these results, we proof that tides can counteract the
avulsion process that would occur in river-dominated
deltas. Using this new model, we can start analysing how
different combinations of tide and river forcing determine
the morphological stability of bifurcations, and how this
depends on the geometry of the bifurcation.
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1. Introduction

The width-to-depth ratio is a key feature characterizing
the equilibrium profile of tidal channels. Field
observations have been carried out in different coastal
regions (e.g., Marani et al., 2002). However, a unified
framework that addresses the width-to-depth ratio is still
lacking, despite several theoretical relationships being
proposed for riverine cross-sections (e.g., lkeda and
[zumi, 1990).

In this study, a unified and general framework is proposed
to describe the width-to-depth ratio that characterizes the
morphodynamic equilibrium of a tidal channel. A generic
form of momentum balance is employed including the
water pressure gradient, the bed resistance and the lateral
turbulent diffusion (Lanzoni and D’Alpaos, 2015). The
equilibrium profile is simulated using a lateral one-
dimensional numerical model, which allows the cross-
section to evolve following simple erosion and deposition
rules. This equilibrium profile leads to an analytical form
of the width-to-depth ratio, which agrees well with
available field measurements.

2. Methods

The numerical model consists of a flow model and a
sediment balance model. The flow model simulates the
lateral distribution of the bed shear stress, which is
calculated by the generic momentum equation:

0 h
f Tyxdz
0

5 (1)

where x and y are the longitudinal and the lateral
coordinates (m), T is the bed shear stress (kg/ms?), p is
the water density (kg/m?), g is the gravity (m/s?), h =
1N — z, is the total water depth (m), in which 7 is the
water surface elevation and z, is the bed elevation, and
Ty is the turbulent shear stress (kg/ ms?). The sediment
balance model is governed by a simple mass continuity
law:

T=—pghS +

(2)
where D and E are local deposition and erosion terms
(m/s). The deposition term D is constant (D = Dy). A
linear function E = Q. (7/7, — 1)H(t — 7,) is used to
evaluate the local erosion, where @, is a characteristic
erosion rate (m/s), 7, is the critical bed shear stress for
erosion and H is a Heaviside step function.

3. Results and Discussions

Since the mass balance condition E = D must be satisfied
at equilibrium, the bed shear stresses over the profile are
evenly distributed. This simple configuration follows the
concept of the dynamic equilibrium, where some sort of
null spatial gradient conditions is satisfied, such as
sediment flux (e.g., Friedrichs and Aubrey, 1996). Taking
the bed shear stress at its equilibrium value and

employing the Manning friction and eddy viscosity
closures, the governing equation for the equilibrium
profile can be derived, which further leads to the
analytical solution of the width-to-depth ratio:
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where B is the bankfull width of the tidal channel (m), A
is the non-dimensional eddy viscosity and n is the
Manning friction coefficient (s/m?®/3). The analytical
width-to-depth ratio is compared with field data (Figure
1) and is consistent with relatively small tidal channels.
Small cross-sections are mainly observed in sheltered salt
marshes, where longitudinal tidal flow is dominant and
bank stability issues are less important due to the
relatively small channel depth. Therefore, the assumption
that the tide-induced bed shear stresses are uniformly
distributed can be valid and equation (3) gives an estimate
of the minimum value of the bankfull width that the cross
section of a tidal channel can reach.
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Figure 1. Comparison between the analytical width-to-
depth ratio (Equation 3) and field data.
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1. Introduction

Complex bottom patterns are often observed in tidal
basins, found in for example the Wadden Sea along the
Dutch, German and Danish coast. These patterns con-
sist of branching channel-shoal patterns, that often ex-
hibit cyclic behavior. Using an idealised morphodynamic
model, we aim at finding morphodynamic equilibria and
assess their stability, with a specific focus on their sensi-
tivity to Coriolis forcing and planform geometry.

2. Model Description

The geometry we consider consists of either a single or
double inlet system, with arbitrary planform geometry,
see Fig. 1.

Scabed widih

Figure 1. Various examples of geometries considered.

The physics are modeled using the depth—averagerd shal-
low water equations, suspended sediment transport equa-
tion the bed evolution equation. As a first step, the equa-
tions are scaled, using typical order of magnitudes for the
various physical parameters. After scaling, a small pa-
rameter is identified, namely the ratio of the amplitude
of the sea surface elevation and the water depth at the
seaward side. This allows for an asymptotic analysis of
the system of equations, resulting in a systematic solution
method to obtain the various physical variables. Since
the water motions and sediment transport take place on
a much shorter timescale than the bed evolution, the bed
is considered fixed on the fast hydrodynamic timescale.
Only the tidally averaged divergences and convergences
of the sediment transport result in a change of the bed
profile on the long timescale. The model equations are
discretized using the finite elements method, and mor-
phodynamic equilibria are obtained using a continuation
method: instead of integrating the equations in time, a so-
lution of the equations is sought for such that there are
no convergences and divergences of tidally averaged sed-
iment transport. By including the Coriolis force and a
general planform, previous results are extended.

3. Model results

In Fig. 2, left panel, an example of a bed profile in mor-
phodynamic equilibrium in a converging single tidal inlet
is shown. The water depth at the seaward side (lefthand
side) is maximum, while the undisturbed water depth van-
ishes at the landward side. To more clearly illustrate the
symmetry—breaking by including the effects of Coriolis
forcing, the difference in bed profile between the morpho-
dynamic equilibrium with and without Coriolis effects is
depicted in the panel on the right.

»I

Figure 2. Left panel: Equilibrium bed profile in a
converging channel, including Coriolis forcing. Right
panel: difference between the equilibrium bed profile

with and without Coriolis effects.

a

Apart from influencing the morphodynamic equilibria,
Coriolis effects also influence the linear stability. For
a rectangular basin, inclusion of Coriolis effects results
in more negative eigenvalues, implying that with Corio-
lis the underlying morphodynamic equilibrium is linearly
more stable.

Figure 3. Real part of the eigenvalues of the 14 most
unstable eigenpatterns.

4. Conclusions

In this presentation, the influence of the planform geom-
etry and Coriolis forces on the morphodynamic equilib-
ria and their linear stability will be systematically anal-
ysed and the underlying physical mechanisms will be ex-
plained.
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1. Introduction

The division of sediment at river bifurcations is crucial for
the morphodynamics of delta channel networks. Many
natural bifurcations are strongly asymmetric so that a
small channel branches off from the side of a large chan-
nel. The secondary currents at such an asymmetric bi-
furcation preferentially direct water that flows near the
bottom towards the side branch. As the sediment con-
centration near the bottom is high, side branches receive
a larger fraction of the approaching sediment load than of
the water discharge. This causes side branches in scale
experiments to fill in rapidly. However, there are many
asymmetric bifurcations in river deltas that appear to be
morphologically stable. This suggests that under certain
conditions, less sediment is diverted than expected from
small scale experiments. Recent surveys of bifurcations
of the Kapuas River show that side branches can have
entries that are much wider than their cross-sections fur-
ther downstream. This may counteract sedimentation and
increase their morphological stability. To test this hy-
pothesis, we analyze the flow and sediment division at
an idealized lateral diversion with a potential flow model.
Our analysis confirms that a large inlet area moderates
the fraction of the diverted sediment. We compare our
findings to existing empirical relations derived from scale
experiments and find that these do not necessarily scale
up to the size of rivers.

2. Method

We employ a potential flow model to determine the depth
averaged flow in a wide channel with flat bed from which
water is diverted into a lateral branch. We find analytic
solutions for the flow velocity and the streamline curva-
ture, from which we determine the near bed flow as well
as the water to sediment division ratio.

Figure 1. Magnitude (shades) and streamlines of the
flow at an open channel diversion, bold and dashed line
indicate streamline at mid-depth and near the bed

3. Results

We show that the flow field is uniquely determined just by
a single parameter, independently of the scale of the diver-
sion. The sediment to water division ratio is uniquely de-
termined in combination with a second parameter. These
parameters are related to the area and aspect ratio of the
inlet to the side branch.
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Figure 2. Dividing streamline on the near bed flow,
depending on the width-to-depth ratio (8) of the inlet to
the side branch (normalized unit length)

We confirm that the size and geometry of the inlet to the
side branch strongly influences the water to sediment di-
vision ratio. We put our results in context with various
empirical relations for the division of sediment.

4. Conclusion

Our results show, that the local channel width at river bi-
furcations strongly influences the division of sediment.
Models that predict the long term stability of alluvial river
bifurcations have therefore to account for the migration of
the river banks as this can either narrow or widen the inlet
to the side branch over time. Our parametrisation can aid
the design further numerical and laboratory experiments
as well as empirical relations based thereon to cover the
full parameter space.
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1. Introduction

The morphology of an estuary is primarily controlled by
river flow, tides, waves, and sediment supply.
Computational advances in the last decade have
facilitated remarkable progress in the understanding of
the long-term (decades to centuries) evolution of
estuaries. However, despite the relevance of the density
driven flows and Earth’s rotation in nutrient, pollutant,
larvae and sediment dispersal in estuaries, these processes
are usually disregarded when modelling estuarine
morphodynamics. Here, we provide a summary of the
study by Olabarrieta et al. (2018), in which the
morphodynamic evolution of an idealized funnel-shape
estuary, considering 3-dimensional effects and water
density variations, is analysed.

2. Model setup

The 3-dimensional Regional Ocean Modelling System
(ROMY) is applied to numerically analyse the long-term
morphodynamic evolution of idealized funnel-shaped
estuaries. The geometry of the generic 3-dimensional
estuary, its sediment characteristics, and the considered
boundary conditions are representative of the types of
estuaries along the northeast coast of the United States.
This generic idealized estuary is funnel-shaped with a
maximum width of 1.2 km at the mouth (Figure 1, top).
The initial bathymetry has a symmetric Gaussian shape in
the cross-channel direction. At the offshore boundary a
symmetric M2 tidal wave with a range of 1.5 m and a
constant salinity of 35 psu are imposed. At the landward
boundary a fresh water discharge of 150 m?/s is specified.
Our base case is located at 41° North. A single sediment
class, equivalent to medium silt (or flocculated estuarine
mud), with the fall velocity equal to 0.6 mm/s and the
critical shear stress for erosion of 0.05 Pa is considered.
The morphodynamic model is run for 200 years.

3. Results

The bathymetric evolution is shown in Figure 1. During
the initial evolution (0-15 years) bathymetric changes are
maximal because the initial morphology is far from the
equilibrium. The central part of the estuary erodes while
close to the head, in the bed-load convergence zone, the
formation of a bar is observed. Intertidal flats start to
develop in the upper-middle estuary, and the growth of
some instabilities or bars can be identified. Between years
15 to 50, the bar formed close to the head evolves into
meanders and point bars. After 100 years 3 different
regions can be identified along the estuary: 1) the upper
estuary, which is characterized by a meandering system
with a shallow and narrow main channel flanked by tidal

flats with elevations close to the high-tide level; 2) the
middle estuary, which is characterized by a straight and
asymmetric cross-section, with the main channel in the
right and intertidal areas in the left; and 3) the lower
estuary, which is characterized by an asymmetric cross-
section that also shows along-channel bars.

Figure 1: Temporal bathymetric evolution over 100 years.
Modified after Olabarrieta et al. (2018).

As the morphology evolves, the formation of a tidal
maximum zone is observed in the salt intrusion limit. The
tide tends towards a hyper-synchronous behaviour and
tidal asymmetry reduces. Subtidal flows are characterized
by an inflow in the main channel and outflow in the
shallower flanks.

4. Conclusions

The morphodynamic evolution in all the analysed cases
reproduced structures identified in many tidal estuaries: a
meandering region in the fluvial-tidal transition zone, a
tidal maximum area close to the head, and a turbidity
maxima region in the brackish zone. As the morphology
of the estuaries evolved, the tidal propagation, the salinity
gradient, and the strength of subtidal flows changed,
which reflects the strong bathymetric control of these
systems.
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1. Introduction

Barrier coasts cover 10% of the worlds coastline (Stutz
and Pilkey 2011) and are important coastal systems that
are often found near densely populated arecas. Because of
their importance, human interventions in barrier coast
systems are common. A frequently applied intervention
is the reclamation of land, resulting in a reduction of the
tidal basin. Even though land reclamations in barrier coast
systems are common, only little is known about their
effect on the long-term (decades to centuries)
morphological evolution of barrier coasts.

In this work we aim to investigate the effect of a basin
reduction in one part of a tidal basin on the equilibrium
configuration (i.e. size and spacing) of tidal inlets in the
entire basin (i.e. both the affected and unaffected parts of
the basin). Because a basin reduction is essentially a
sudden change from one geometry to another, we study
the equilibrium configuration of inlets for various basin
geometries (reflecting different basin reductions). This
reveals how the equilibrium configuration of the inlets
would change if a new geometry is imposed through a
basin reduction.

2. Methods

We use an idealized barrier coast model that is an
extension to the model of Roos et al. (2013), but now
allowing for arbitrary basin geometries instead of only a
rectangular  basins. The model simulates the
morphological evolution of multiple tidal inlets (n=50)
towards an equilibrium configuration. The morphological
evolution is based on the stability concept of Escoffier
(1940), while the hydrodynamic part of the model is
based on the linearized shallow water equations that are
solved analytically. An example model run is shown in
Figure 1.

3. Results

By performing a sensitivity analysis of basin geometry
(with a wide and narrow part in the basin as in Figure 1),
we studied the effect that basin geometry has on the
equilibrium configuration of tidal inlets.

Our results show that three processes affect the
equilibrium configuration of tidal inlets. First, there are
wider inlets in the wider part of the tidal basin for a larger
basin width. Second, there is an equilibrium value for
both the inlet width per km and number of inlets per km,
due to bottom friction. Third, resonance affects the width
and number of inlets in both the wide and narrow part of
the basin.

4. Conclusions

We studied the effect of basin geometry on the long-term
morphological evolution of barrier coasts using an
idealized model, that allows arbitrary tidal basin
geometries; and identified the most relevant processes.
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Figure 1: Example run of our barrier coast model with non-rectangular geometry; showing: A: the initial over-saturated
barrier coast (top view), B: the evolution of the tidal inlets (line stack), C: the equilibrium configuration (top view).
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1. Introduction

A depth averaged 2-d convection-diffusion equation is
employed to describe the mass conservation of sediment
within the flow body, and a temporal change of bed
surface elevation is formulated by means of the mass
conservation equation of bed sediment. An erosion rate
term plays an important role in these equations, and
associated formulas have been proposed (Itakura et.al.
1980, Garcia et.al. 1991). However, it is difficult to
evaluate the erosion rate of estuary bed composed of
sediment particles finer than silt grains, because existing
formulas are out of their applicable range. This study
discusses formulas for erosion rate and bed load to treat
sediment transport processes in estuaries composed of
such very fine sediment. In addition, we provide
numerical results on the formation processes of deltas and
sand bars in the estuaries.

2. Formulas for Erosion Rate and Bed-load
Figure 1 is a schematic diagram to formulate the erosion
rate and bed-load, in which A is the thickness of bed-load
layer, c, is the sediment concentration of bed-load layer.
It is assumed the bed is composed of very fine sediment
and its surface layer is formed by loosely deposited
sediment. Using the idea of entrainment coefficient for
density stratified flows, the erosion rate of bed sediment
can be described as follows.

E(=we,)=(k/R,)vc, (1)
in which £ is the erosion rate, w, is the entrainment
velocity, Rl.*is the overall Richardson number, £ is the
empirical constant as & = 0.0015 specified by Ashida
et.al. (1977) and V is the average velocity of the upper
layer. In addition, it is assumed that stress-strain rate
relation can be evaluated by means of a quasi-Bingham
model, resulting in bed-load formula such as

q, =1/6)uh, /v )cuh, (2)
in which /_is given by
h=u’/{(c/p-ecgtang,} 3)

g, is the bed load rate in unit width, #, is the shear
velocity, V. is the kinematic viscosity of bed-load layer
(water and very fine sediment mixture), O is the mass
density of sediment particles, 0 is the mass density of
water and ¢, is the apparent friction angle of sediment.

3. Result and Discussion

Flume experiments were conducted to test the validity of
Eq. (1), which will be explained precisely in full
manuscript.  According to the experimental data,
Equation (1) is verified for the bed composed of water-
sediment mixture with sediment concentration from 8%
to 12 % by volume.

Introducing Egs. (1) and (2) into governing equations for
sediment transportation and associated channel changes,
formation processes of delta and sand bars in an estuary
are simulated. Figure 2 shows delta formation process
which is computed in a simple basin; the width=8km, the

length=6km, bed z -
slope=0.0001, the oL
downstream flow P
depth=4m. A stream Dowe
channel of 100m in h | ¢
width  attaches this E D |Bedshea
basin. (A) is a flow  + H—

h Bed-load | Yield
pattern and | [fiager  © —T,
corresponding bed “~ Loosely deposited

elevation in an initial Very fine sediment

stage when the flow
stretches
straightforward, (B)
shows that the flow separates toward the both sides, and
(C) illustrates that the left side stream decayed already.

Figure 1 Schematic diagram
for erosion and bed-load
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Figure 2 Delta formation process

4. Conclusions

New formulas for erosion rate and bed-load transport rate
are proposed to evaluate sediment transport processes and
corresponding geomorphologic changes in estuary bed
composed of very fine sediment. Numerical simulation
on delta formation process suggests some possibilities of
the proposed formulas.
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1. Introduction

— 01
Mud deposits in estuaries are of critical importance since E 4]
it can cause a reduction in navigation depth and flood S 5] .
carrying capacity, contaminant accumulation, etc. The I s\ ;ﬁﬁggggg
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presence of mud.deposns has been reported in many W, e L 17/06/2006
estuaries worldwide (Becker et al., 2013). It has a I

profound influence on the erosion and sedimentation
cycles in estuaries and thereby its morphology. Hence, it
is necessary to study the characteristics of mud deposits
in detail to understand its dynamics in estuarine systems.
Based on the above discussions, this study aims to
analyse the impact of cohesiveness and remoulding effect
of mud on its erodibility in a macro-tidal estuary.

2. Methodology

The Chikugo River estuary, Japan (Azhikodan and
Yokoyama, 2018) is a highly turbid macro-tidal estuary.
A sediment core with a diameter of 105 mm was sampled
by a diver on the riverbed from the middle of the estuarine
channel at 14 km upstream from the river mouth using a
2 m acrylic cylinder on May 27, 2006. The original
stratification of the sampled material was maintained.
The viscosity of undisturbed mud at every 10 cm
thickness was measured 3-5 times at the fishing port
immediately after sampling using a rotational viscometer
(Toki Sangyo Co. Ltd. TVC-S5). The rotational speed of
the stainless-steel rod no. 5 was 5 rpm. Then each sample
was stirred to become uniform and its viscosity was
measured 3 times. Further, the particle-size distribution
(using SALD-3100, Shimadzu), water content (WC), and
loss on ignition (LOI) of the sediment core were
determined in the laboratory.

3. Results and Discussion

The river discharge observed from September 2005 to
June 2006 was below 55 m® s™! with few peaks but <500
m? s, The SSC near the bed at the 14.6 km upstream
during the considered period was high with values
ranging between 4,000-6,000 mg L' at the spring tides
and was <100 mg L' at neap tides. As a result, the depth
of the channel cross-section decreased during the period
due to the tidally induced upward sediment transport and
deposition process as shown in Figure 1 which was
obtained from the topographic survey of the channel.

[Fine sand [ Silt[__]Clay]
0 0 0

T T T T T T T T T T

100 150 200 250 300
Distance from the left bank (m)
Figure 1: Channel cross-section of the 14 km station.

The length of the core sample, 1.5 m, corresponds to the
thickness of the mud layer in the study area (Figure 2).
The sediment on the riverbed at 14 km mainly consisted
of 70% silt and 25% clay with 5% fine sand. The D50 of
the sample was ranged between 11-16 um. The WC of
the sediment was >200% for the top layer, 150-200% for
the middle layer and <150% for the bottom layer with an
LOI ranged between 6—9%. There was a rapid increase in
viscosity of the undisturbed mud from the top to bottom
layer and it ranged between 80—470 Pa s. The viscosity of
the mud sample decreases when it was disturbed (stirring)
and was still high at the bottom layer. It represents the
initial condition of the mud before consolidation.

The viscosity ratio, VR (ratio of the viscosity of
undisturbed mud to the disturbed mud) represents the
adhesive strength acquired during the consolidation,
which is known as the thixotropic behaviour. The
sediment gained 5 and 2.5 times strength at the top and
bottom layers respectively. This further revealed that the
consolidation of mud begins at the early stages of
deposition due to the strong internal bonding resulted
from thixotropy, and the presence of organic matter and
this process in the natural environment will be several
times higher than that of the disturbed mud. Therefore,
the erosion resistance of the sediment surface will
enhance, and will eventually lead to deposition without
further erosion and resuspension even at high velocities.
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1. Introduction

A big part of The Netherlands territory is below sea level,
for this reason, a lot of lands have been reclaimed through
the years by means of the creation of polders. However,
this process caused the loss of intertidal areas, that are
essential for the safeguard of natural habitats. From the
last century the European governments provided the
depoldering of some areas. The study area (Perkpolder,
NL, located in the Western Scheldt) it is one of these pilot
locations. The morphology and the evolution of the entire
area and of the channels network have been influenced,
over the last four years (since the tidal basin was created),
by the local tidal conditions inside the basin. These
conditions, in turn, determine the flux of sediment,
nutrients and biota. With the aim to evaluate the
hydrodynamic condition and its effects on sediment
transport in the Perkpolder area, water velocity and depth
have been continuously measured in six different
locations in the Perkpolder area, four in the channels and
two in the mudflat

2. Bed Shear Stress (BSS) and critical bed shear
stress calculation

Starting from the velocity measurements, the BSS and the
critical values of the BSS, on both mudflat and channels,
have been evaluated according to two different
approaches suggested by van Rijn: the formula used for
the BSS is (van Rijn, 1984):

w0 = Sa? ()

Where p is the density, # is the horizontal velocity
averaged on the vertical and c is the adimensional Chézy
coefficient, while the critical values of the BSS have been
calculated by taking into account the cohesion and the
packing effect, as explained in the formulas (van Rijn,
2007):

T ) — (dsand)oys T
d50 < 62um cr,bed,fine dSO cr,0 (2)
Tcr,bed,sand = (1 + pcs)STcr,O (3)
dSO > 62Hm Tcr,bed = (1 + pcs)STcr,O (4)

Where dguq = 62um, p,, is the percentage of clay and
silt and 7., is the critical BSS calculated without
considering the cohesion and the packing effects.

The values as obtained have been compared to evaluate
the sediments transport capacity of the water flow.

3. Tidal Phase Prevalence Index (TPPI)
To have a better qualitative factor, that allows to compare
the impact of the water flow, both in ebb and flood phase,

and the behaviour of the different cross sections, a new
parameter has been introduced.

This parameter is called “Tidal Phase Prevalence Index”
(TPPI) and it is expressed through the following
equations:

for6 > 6.,

TPPl = —=

T/2
J; 0 —6,)dt (5)

foro < 4., TPPI =0

(6)

Where T is the tidal period, 6 is the Shields parameter and
0., is the critical Shields parameter.

Since 8., and, consequently, the TPPI value depends on
the equivalent Nikuradse roughness K., a sensitivity
analysis has been carried out changing the value of K.
In the table below the TPPI values calculated with the K
value suggested by van Rijn are reported:

Measur dsp < dsang dso > dsang
Ks | ement | TPPI | TPPI | TPPI| TPPI
Point fine | fine [sand|sand| TPPI | TPPI
flood | ebb [flood| ebb | flood | ebb
BC3_1]0.323/0.301| O 0 NA | NA
AC3_1|0.23 (0.214| O 0 NA NA
D90*3 BCA_1| NA NA | NA | NA | 0.002 |0.002
AC2_1| NA NA | NA | NA 0 0
MC2_1| NA NA | NA | NA 0 0
MC2_210.009(0.007| 0 | 0 | NA | NA

Table 1: TPPI values

4. Conclusions

The bed shear stress results much higher in the channels
than on the mudflat. The sediment dynamic on the
mudflat are dominated by deposition, whereas in the
channels are governed by erosion, and it is in agreement
with the observed morphological evolution. Mudflat and
channels, are still getting modified by the action of the
water, making difficult the vegetation engraftment. TPPI
gives a qualitative indication about erosion-deposition
rate TPPI values confirm that the intertidal basin is
characterized by a flood dominance.
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1. Introduction

Vertical mixing of momentum and density, which is
strongly related to flow-generated turbulence and
density-induced stratification (Simpson et al., 1990), can
significantly influence the tidal flow, estuarine
circulation, salt intrusion, sediment transport and
trapping. Hence, advancing understanding of the
interactions between the vertical mixing, turbulence and
stratification is essential for predicting the response of
estuarine sediment transport to natural changes (e.g.,
storms, spring-neap tidal variations, fluctuating river
discharge, sea level rise) and human activities (e.g., land
reclamation, damming). Some attempts have been made
to systematically investigate mixing with given estuarine
parameters. MacCready et al. (2018) and Burchard et al.
(2019) proposed an estimate for the long-term averaged
estuarine mixing in relation to exchange flow and vertical
salinity variance. However, their approach was based on
a box-type estuary model, which is not sufficient for
predicting the along-channel variations of mixing,
velocity, salinity and sediment concentration. Therefore,
our work attempts to resolve the spatially and temporally
varying interacting system of vertical mixing,
tidal/residual flow and salinity, and evaluate its influence
on the suspended sediment flux in estuaries.

2. Methods

This work will be realised by resolving the coupled water
motion, salinity and vertical mixing, and using the flow
information to calculate the suspended sediment
concentration, extending the work by Wei et al. (2018).
Assuming the estuary to be weakly stratified, the model
solves the three-dimensional shallow water equations,
salinity and sediment equations using a perturbation
method and finite element method. The perturbation
method allows for an analytic decomposition of processes
contributing to estuarine circulations and sediment
transport. In this model, the residual circulation and
salinity-induced stratification resulting from eddy
viscosity-shear covariance (Dijkstra et al., 2017) will be
taken into account. Impacts of flow and stratification on
the vertical mixing will be also considered in the model
by assuming the vertical eddy viscosity A, and vertical
eddy diffusivity K,, to be functions of the Richardson
number (Nunes Vaz and Simpson 1994). These functions
will be obtained by fitting 4, and K, , which are
calculated based on the measurements of the vertical
shear and Reynolds stress 4, = K, = % (Scully and
Friedrichs 2003), to the measured vertical gradients of
velocity and salinity. Here, K,, is assumed to be equal to
A, u' and w' are respectively the turbulently fluctuating
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components of the along-channel and vertical velocities
(with overbar indicating a tidal average), u is the along-
channel velocity and z the vertical coordinate positive
upward.

3. Results

The model will be applied to the Blackwater estuary,
Essex, UK, where measurements of turbulence, velocity,
salinity and suspended sediment concentration were
made for 1 month in the winter of 2017/18. The
contributions of the dynamic mixing to the residual
circulation, salt and sediment transport in estuaries will
be systematically investigated. A sensitivity study of
these contributions to varying tide and river discharge
will be conducted.
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1. Introduction

For a good observer, tidal flats are not flat at all (Figure
1) Morphological features like creeks and gullies run
through in various shapes and sizes (Whitehouse et al.,
2000). The small-scale features are shaped by
interconnected ~ biological, morphological and
hydrodynamic processes. The morphodynamics of tidal
flats develop during very shallow water when the small
scale topography is important. Such small scale
topography is however often not accounted for in
predicting the large scale morphology of the tidal flats
(Coco, 2013). We aim to understand the evolution of
creeks and their relation with the flat morphodynamics.

Figure 1: Tidal flat in the Western Scheldt, th
Netherlands. Upper: 2009, lower: 2014. On the left side
of the picture a creek originating from the salt marsh can
be seen. On the right side we see creeks developed at the

flat inclination.

2. Methods

We selected tidal flats in the Western Scheldt, the
Netherlands. Bathymetry data from 2009 — 2014 and areal
pictures in the period 2005 — 2018 have been used. They
have a high spatial resolution of 2.0 x 2.0 [m?] and 0.1 x
0.1 [m?] respectively. The Lidar data were used to
identify the creeks digitally. Despite the high resolution,
some creeks were defined manually, based on the areal
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pictures. Tidal flat bulk parameters, like steepness and
bed level, were derived from the Lidar data. Where
available, the grain size was used. A 1D model was used
to estimate the velocity distribution over the flat.

3. Results

From the historical data two types of mud flat creeks have
been defined. Creeks of the first type originate in the salt
marsh and may or may not continue on the mudflat. The
planform of the creek in the salt marsh is static, on the
mudflat it can be dynamic. The discharge through the
creek and its dimensions depend mainly on the volume of
water drained from the salt marsh. Whether the salt marsh
creek ends blindly on the flat, or continues in a tidal flat
creek, depends on the height difference between the
marsh and the flat.

The second type of creeks establishes on the bare mudflat
depending on the height gradient. The cross shore bare
flat profile has an upper part with a slope of 0.1 —0.5 %,
an inclination point and a lower part with a slope between
1.0% — 25.0%. During the analysed period sedimentation
occurred on the upper flat, leading to a steepening of the
slope in the lower part As a result new creeks developed
close to the inclination point. Creeks will not form if the
cross shore slope is too flat and mean flow velocities are
too low to cause erosion.

Results of the 1D model with flow over a bare mud flat
are in agreement with the historical data. The maximum
mean flow velocities occur close to the inclination point.
Flow velocity scales linearly with the cross shore width
of the flat, and non-linear with the tidal amplitude.
Creeks on the flat can grow towards the salt marsh
where they find a connection with existing creeks in the
marsh. This enhances the dewatering of the salt marsh.

4. Conclusions

Two different types of creeks have been identified on
mud flats; one develops in the salt marsh, the other is
initiated at the mud flat. The first is fixed by vegetation
and its continuation on the flat depends on the flat
topography and discharge from the marsh. The second is
initiated on the mud flat close to the inclination point. We
conclude that these are found if the bed slope exceeds a
threshold. The 1D numerical model proves this concept
and gives confidence to make the step to a 2D model.
Connection of the two types of creeks leads to persistent
channels that are effectively dewatering the salt marsh-
mudflat system.
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1. Introduction

The morphology of intertidal flats is driven by
anthropogenic and natural forces. These may lead to
(quasi-)equilibrium states, but there is especially also
interest in the (slow) evolution over years and decades. A
key question is how this evolution is influenced by storm
events. It is known that such events can suddenly change
the morphology of intertidal flats. The question is
whether such events just impose fluctuations around a
stable and predictable long-term evolution, or if their
impacts persist because they change the subsequent
system trajectory.

2. Methodology: field measurements

This question is addressed using decades of data on
morphology measured in the Eastern Scheldt and Western
Scheldt, The Netherlands. Transects were measured
yearly, and fixed points were measured ~7-14 times a
year (average of 15 samples each time). These data were
combined with measurements from our one-month field
campaign that included, apart from 14 ADCPs, two
frames placed on one of the intertidal flat transects in the
Western Scheldt. Bed level changes were measured every
10 minutes, simultaneously with measurements on the
flow, waves, and suspended sediment concentrations. A
storm event was captured with wind speeds up to 22 m/s.
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Figure 1: (a) Bed elevation time series of the frame
measurements at the Western Scheldt transect.
(b) Long-term bed elevation time series as measured at a
point on the same intertidal flat. (c) Long-term bed
elevation time series as measured at an intertidal flat in

the Eastern Scheldt.
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3. The impact and recovery of an individual event
Two insights from the frame campaign are highlighted:

First, we observed a substantial inhomogeneous
impact by the storm event (Figure 1a). The impact at the
highest frame was negligible, while the erosion at the
lowest location was 20 cm by this event only. This
inhomogeneity is explained by a combination of breaking
waves, wind-driven flow and a long duration of a shallow
water depth, which was only present at the lowest location
(see also De Vet et al., 2017).

Second, 15 cm of the impact recovered within two
weeks. This means that still 5 cm of the impact persisted,
i.e., 25% of the impact had a long-term consequence.

4. Effects of events on the long-term evolution
All studied transects had a relatively gradual evolution
over decades. This also appears in the long-term time
series in Figure 1b. Changes in trends relate to structural
changes in forcings (mainly human interventions).
Events, such as the one captured in our frame campaign,
affect these time series suddenly. Some impacts only
induced short-term deviations (direct recovery), while
others had persisting consequences (setbacks or
advances). For example, the setback marked in Figure 1b
delayed the evolution by half a year. At a less tide-
dominated site in the Eastern Scheldt (Figure 1c), the
impact by major storms early 1990 advanced the
background evolution by seven years. However, we
found no examples where sudden events fundamentally
reversed the evolution of the system.

5. Conclusions

The local impact of events results from a favorable
superposition of the individual forcings, each fluctuating
on different time scales. This introduces spatial
inhomogeneous impacts across intertidal flats.

Even if the largest part of the impact recovers already
within days, a significant net impact may persist (25% in
our case). We identified various impacts in the long-term
time series database that significantly affected the speed
of the evolution (years delay/advance), but none where
the trend was reversed. The level to which events persist
relate to the spatial extent of the impact and the local
characteristics of the sites, such as bed composition and
hydrodynamics.

We conclude that idealized models that exclude
temporal fluctuations in forcing may correctly estimate
the direction of the evolution, but incorrectly estimate the
speed and the spatial inhomogeneity of the evolution.
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1. Introduction

The morphodynamic equilibrium of shallow tidal basins
is strongly influenced by wind-wave induced erosion
events (Fagherazzi et al., 2006; Green and Coco, 2014).
The Venice Lagoon provides a clear example in this
framework, as it has experienced strong erosion processes
in the last centuries, which progressively deepened tidal
flats, promoted the loss of fine cohesive sediments after
storms, and led to extensive salt-marsh loss. We em-
ployed a fully-coupled finite element model to six his-
torical configuration of the Venice Lagoon, namely 1611,
1810, 1901, 1932, 1970, and 2012, in order to analyse
spatial and temporal characteristics of wind-wave induced
erosion events, with the aim to develop a synthetic theo-
retical framework to study the long-term biomorphody-
namic evolution of tidal environments.

2. Methods

We applied the fully-coupled wind-wave tidal model, de-
veloped by Carniello et al. (2011), to the six different
configurations of the Venice Lagoon to analyse the tem-
poral evolution and spatial distribution of the local bot-
tom shear stress (BSS) on the basis of a “Peak Over
Threshold” method, once a critical shear stress for the
erosion of cohesive sediments, 7., was assumed. This al-
lowed us to identify single erosion events, their interar-
rival time (the time between two consecutive cross-up oc-
currences), intensity, and duration for each historical con-
figuration of the Lagoon. We performed a Kolmogorov-
Smirnov goodness-of-fit test, to test the hypothesis that
the interarrival time of events is a random variable de-
scribed by an exponential distribution, and, consequently,
the wind-wave induced over-threshold exceedances can
be modeled as a Poisson process (D’ Alpaos et al., 2013;
Carniello et al., 2016). Where this hypothesis is verified,
the erosion work (i.e., the annual erosion sensu Mariotti
and Fagherazzi (2013)) is computed as a function of the
mean interarrival, mean duration and mean intensity of
the over-threshold event.

3. Results and Conclusions

For all the analysed historical configurations of the Venice
Lagoon, our results suggest that the interarrival time be-
tween two events, their durations and intensities are ex-
ponentially distributed random variables over most of the
tidal and subtidal flats within the lagoon and, thus, re-
suspension events can be modeled as a marked Poisson
process. In general, we show that, along the last four
centuries, the interarrival times of erosion events have in-
creased, as well as their durations and intensities, thus
leading to less frequent but stronger events. Interestingly,
the erosion work, which is a combination of frequency,
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Figure 1. Spatial distribution of the erosion work, at
sites where bed shear stress can be modelled as a marked
Poisson process, for three different configurations of the

Venice Lagoon: 1901 (a), 1970 (b), and 2012 (b).

[ Kolmogorov-Smirnov test not verified

duration and intensity of resuspension events, remained
almost constant until the beginning of the 20th century,
when it rapidly increased showing a maximum in 1970
and finally decreaseg in the present configuration. We
therefore highlight that because of the generalized deep-
ening of the basin, the wind-wave induced erosive trend is
slightly decreasing over time after having reached a peak
in the recent past.
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1. Introduction

The interactions of salt marsh vegetation and cohesive
sediments modify the large-scale morphology of
estuaries by strengthening of channel banks and higher
bed accretion rates on bars and in sheltered areas.
Previous research suggests that mud is preferably
deposited in intertidal areas, with enhanced mud
sedimentation rates in areas covered by vegetation
(Braat et al., 2018; Lokhorst et al., 2018; Kleinhans et
al., 2018). However, whether vegetation establishment
or mud settling comes first or under what conditions
they take place simultaneously remains unclear. We
hypothesize that vegetation zonation and succession
along the estuarine gradient play a substantial role in
accretion rates of muddy sediments, which in turn
govern the survival of the marsh.

2. Methods

We developed a novel eco-morphodynamic model that
couples species-specific, literature-based vegetation
establishment, seasonal growth, mortality and life-stage
development at a biweekly interval to the 2D-
hydromorphodynamic model Delft3D with sand and
mud. The model reproduces growth and cover of a
generic salt marsh species as well as species
assemblages using the Western Scheldt (the
Netherlands) as a test case. This setup allows the
investigation of interactions between mud accretion,
vegetation cover and hydrodynamics on estuary and bar-
scale.

3. Results and conclusions

Our results show that mud settling is correlated with
inundation time while the latter is enhanced around and
within sparse vegetation patches. Velocities are strongly
reduced by the vegetation, however, their effect on mud
accretion rates is limited. Species preferring muddy
sediments show a more gradual growth pattern than
species favouring sand, which delays vegetation
establishment and mud accretion rates (Figure 1). We
show that species types and assemblages have an effect
on accretion location and rate, which is particularly
important with regard to changes in vegetation diversity
and sea level due to climatic changes. Our results give
new insights into the role of species-specific mud
accretion patterns on morphology of estuarine systems.
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Figure 1: Relative mud accretion linked to two types of
vegetation, indicating that different vegetation strategies
affect accretion rates. Light grey is a general vegetation
scenario; black is vegetation that can only grow on mud
and the dark-grey dotted line the reference scenario
without vegetation. Dashed versus solid line indicates
the difference between vegetated and unvegetated cells.
Accretion mainly takes place on the marsh while away
from the marsh erosion is dominating and the bed is
more dynamic.
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Introduction

There have been extensive studies on both vertical and
horizontal salt marsh dynamics, and on the response of
these ecosystems to changes in hydrodynamics and
sediment inputs. However, there is not a specific
knowledge about the reverse problem, that is, the impact
of marsh loss on tides and sediment budget in coastal
embayments. In this paper we investigate how
geomorphic modifications caused by marsh lateral
erosion can alter tides and transport dynamics across the
whole bay system, and this can in turn affect the survival
of marsh ecosystems.

v

ﬂ'lk-’_

0% erosion 25% erosion 50% erosion

T5% erosion

Figure 1. Barnegat Bay-Little Egg Harbor Estuary,
USA, under different salt marsh erosion scenarios (From
Donatelli et al. 2018),

Methods

The  Coupled  Ocean-Atmosphere-Wave-Sediment
Transport (COAWST) modeling framework (Warner et
al., 2010) was used to simulate the hydrodynamics and

-15 -

sediment transport processes in the Barnegat Bay-Little
Egg Harbor system, USA. Different salt marsh loss
scenarios are tested, which represent a uniform erosion
of the marsh areas (Figure 1).

Loss percentage ranges from 25% to 100% (when all
vegetated areas are removed). The erosion of salt
marshes was simulated by removing vegetation from the
eroded marsh cells and by matching the corresponding
bathymetry values with the elevation of the surrounding

tidal flats.

Results and conclusions

Salt marsh erosion influences the sediment budget of
bay systems, and for our case study salt marsh loss has
been found to largely decrease the capability of the bay
to retain sediments.

This decline is connected to two mechanisms:

(i) a direct impact associated to the decrease in the
spatial extent of vegetated areas where deposition is
possible and (ii) an indirect impact connected to the
decrease in tidal amplitude and associated reduced
delivery to marsh platforms; the latter has been found to
be less important in marsh sediment trapping. The
amount

of sediments deposited on tidal flats shows a linear
decrease with salt marsh lateral erosion. Generally, as
the marshes erode, the capability of the system to retain
sediments decreases; therefore, positive feedbacks
between marsh erosion and a decrease in the available
sediment could be triggered, which is detrimental for
salt marsh survival and especially for the maintenance of
vertical accretion rates.
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1. Introduction

Stratigraphic records show that many Holocene estuaries
were infilled and closed off from the sea (e.g. De Haas
et al., 2019), but how is unclear. Yet, understanding on
how to build and raise land to keep up with future sea
level rise is urgently needed. Current understanding and
analogies with rivers suggest that mud and vegetation play
a key role in this process by elevating bars and confining
flow. We aim to unravel experimentally how these local
processes affect the filling up of entire estuaries, and what
the resulting stratigraphy becomes.

2. Methods

We used a 20 m long by 3 m wide tilting flume (the
www.uu.nl/Metronome) to simulate complete tidal sys-
tems at an approximate scale of 1:1000 that develop from
an initially long rectangular basin with barrier islands.
Tidal flow was driven by periodical tilting of the flume,
which caused sediment transport in both the flood and ebb
direction at similar Shields numbers as in nature. Tilting
was done asymmetrically such that sediment was net im-
ported (flood asymmetry; M2+M4), which is in contrast
to former exporting systems simulated in the Metronome
(Braat et al., 2018; Leuven et al., 2018). We ran three
experiments, one with only sand, a second with sand and
mud, and a third with sand, mud and vegetation. Mud
was simulated as crushed walnut shell, which was added
to the river discharge and at the tidal inlet. Sprouts of
three species with different colonising strategies simu-
lated natural vegetation. The experiments were run for
10,000 tidal cycles, and the following data were acquired:
time lapse imagery, bathymetry maps for every 100 to
1,000 tidal cycles, and stratigraphic cross-sections. Based
on these data, flow was simulated by the numerical model
Nays2D to acquire high resolution flow charts, and pre-
liminary analysis of the channel network development
was done using a novel network extraction tool (Klein-
hans et al., 2017).

3. Preliminary results

Mud in the infilling estuaries with perpetual channel-
shoal migration was deposited on top of bars and in aban-
doned channels, reduced overall dynamics due to its co-

Figure 1. Morphological development of the experiment
with vegetation. Elevation is not yet calibrated.

-16 -

hesivity, and its preservation potential increased in the
landward direction. Vegetation effectively trapped most
fluvial mud, resulting in considerable topographic vari-
ation on the fluvial bayhead delta, and strongly reduced
bar mobility. Vegetation colonised both muddy and sandy
bars, suggesting that mud is not a prerequisite for vege-
tation settlement in estuarine environments. Vegetation,
and to a lesser extent mud, raised bars above the high wa-
ter level (=land) by catching in new fines (Figure 1). The
succession from tidal bar to land is also reflected in the
vegetation settling patterns, such as successive bands at
the rims of bars. Peat layers formed in the stratigraphic
record by vegetation burial.

4. Conclusion

The large-scale effect of mud and vegetation is lower dy-
namics, especially in the upstream part of the estuary,
and faster accumulation, effectively narrowing the estu-
ary. Building and raising land was most pronounced in
the experiment that included vegetation.
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1. Introduction

Morphodynamics and sediment entrainment and
deposition mechanisms around patches of vegetation
present in rivers are controlled to a large extent by the
large-scale coherent structures generated by the
interaction between the incoming flow and the plant
stems (Chen et al., 2012). 3-D detached eddy simulations
(DES) are used to discuss how sediment entrainment
mechanisms and local scour processes around an isolated,
circular patch of emerged plant stems change between
conditions present at the start of the erosion-deposition
process and its end (equilibrium scour bathymetry). The
paper also discusses how these mechanism change with
the solid volume fraction (SVF) of the patch.

2. Numerical model

A series of DES is conducted with flat bed and
equilibrium scour bathymetry for SVF=0.034 (37 plant
stems) and 0.092 (100 plant stems). The equilibrium
bathymetry (see Fig. 1 for SVF=0.092) is the one
measured experimentally by Follett and Nepf (2012).
Results are also compared to the limiting case of a non-
porous (solid) cylinder with SVF=1. The circular porous
patch of diameter D contains solid cylinders of diameter
d=0.03D placed in an open channel of depth h=0.5D. The
channel Reynolds number is 35,000 and the mesh
contains close to 10 million cells. The simulations resolve
the wakes past the individual solid cylinders in the array,
which is essential to investigate erosion and deposition
mechanisms inside the patch. The numerical model and
validation are discussed in Keylock et al. (2012).

T

T ¥
f

Figure 1: Equilibrium scour bathymetry measured by
Follett and Nepf (2012) for SVF=0.092
3. Results

Figure 2 visualizes the coherent structures for the
SVF=0.092 case with a flat bed. It visualizes the necklace
vortices around the upstream face of the patch and the
vortex tubes in the separated shear layers that play an
important role in scour around the patch. Results also
suggest that scour inside the patch increases with
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increasing SVF, in agreement with the observations of
Follett and Nepf (2012). Results also show that for
SVF>0.2 the bleeding flow is quite week and the small
distance between the solid cylinders suppresses the
generation of large-scale energetic eddies in the wakes of
the stems. Thus, scour inside the patch is expected to start
decreasing past a certain threshold value of the SVF.
Given, the large capacity of the large-scale eddies shed in
the wake of the stems to amplify the instantaneous bed
shear stress, both variables should be used to assess the
erosive capacity of the flow inside the porous region. In
the flat bed cases, regions of high bed friction velocity
inside the porous region and around its upstream base
matched fairly well the regions where scour developed in

, v e
Figure 2: Coherent structures in the instantaneous flow
for SVF=0.092 with flat bed (initiation of scour)

3. Conclusions

While for relatively high SVFs the scour in front of the
patch is driven by necklace vortices, that are qualitatively
similar but less coherent than those observed past solid
cylinders, in the case of low SVFs severe scour is
observed inside the upstream part of the patch and on its
sides. The scour inside the patch is driven by the bleeding
flow that creates corridors of strong flow acceleration as
it passes around the plant stems, while the scour on the
sides of the patch is driven by the flow acceleration
around the patch. As only a small fraction of the bleeding
flow exits the patch at its back, the downstream part of
the patch is a region where deposition occurs.
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1. Introduction

Integrated river management requires a profound
understanding of river morphodynamics on the basin-
scale. However, contemporary management of large
rivers is often fragmented between different regions
(states) within the river basin. In this contribution we
present a unique, highly-detailed, basin-wide,
morphological analysis of one of the world’s larger rivers,
the Rhine in Western Europe. The objectives of this study
were to characterize the basin-scale morphodynamics of
the Rhine River in the period 1991-2010, distinguishing
between human and autogenic controls. We analysed the
full 1,232.7 km long river from source to mouth.

2. Methods

First we quantified the downstream variation of the fluxes
of clay, silt, sand, gravel and cobbles from measurement
data. Next, we identified the sources and sinks of these
sediments from a sediment budget analysis.

3. Results and Conclusions

From source to mouth, the Rhine traverses four sections
with fundamentally different morphodynamic behaviour:
the Alpine, impounded, free-flowing and delta section.
Sediment fluxes are discontinuous, primarily because of
a glacial lake trapping all sediments from upstream. The
lake caused sediment fluxes to be discontinuous already
before the Anthropocene. Today’s sediment fluxes are
strongly influenced by dredging and nourishment
operations. From a global perspective, sediment fluxes in
the river’s headwaters are large, whereas sediment output
from the Rhine towards the sea is small. A special feature
of the Rhine is the fact that more sediment is transported
in upstream direction from the sea into the delta than vice
versa. On a basin-scale, nourishment represents the
biggest source of gravel and cobbles, and tributaries the
biggest source of clay, silt and sand. In the lower Rhine
delta, also large amounts of clay, silt and sand are

supplied by the sea. Dredging represents the main
sediment sink for all size fractions. For silt and clay, also
floodplain deposition and deposition in ports represent
major sinks. The Rhine is an example of a river in
disequilibrium: large parts of the river are subject to
erosion or sedimentation. A-typically it has net deposition
upstream and net erosion downstream. Although human
interventions contributed to the disequilibrium, the
pristine Rhine already was in a state of disequilibrium.
Even today, natural factors determine the location of the
main sedimentation areas. The budget analysis shows that
the behaviour of the clay/silt, sand and gravel/cobble
fractions strongly differ from each other. A particularity
is that in many reaches gravel is deposited, whereas
simultaneously sand is being eroded. The budget analysis
also shows that sediment dynamics in rivers are much
higher than is suggested by echosoundings or transport
measurements. This study provides valuable insights into
the basin-scale morphodynamics of the Rhine, helps to
see smaller-scale studies of parts of the Rhine Basin in a
correct perspective, provides a good data basis to improve
numerical prediction models, and helps to optimize
nourishment, dredging and monitoring strategies in the
Rhine. Furthermore, the Rhine represents an excellent
reference case for other large river systems for which less
data are available. Knowledge gaps of supra-regional
importance identified in this study relate to (A) the
fundamental disequilibrium of large river systems, (B)
the effect of natural and human factors on the future
morphodynamic development of the large river systems,
(C) the morphodynamic role of sand in gravel-bed rivers
and (D) the long-term effects of sediment nourishment.
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1. Introduction

Streaming social media is a source for real time impacts
of extreme events. How can morphodynamicists use these
data? What are the possibilities and the pitfalls of so-
cial media data as a record of morphodynamic phenom-
ena? Here we explore several examples of connections
between social media and coastal morphodynamics, con-
sider some inherent problems when using social media
data, and discuss ongoing work integrating social media
with coastal morphodynamic models.

2. Making Twitter Data Useful

We use a dataset of geolocated tweets from Sept. 10th
to 12th 2017 to investigate the digital trace of Hurricane
Irma, FL, USA (2017). The dataset includes 54k tweets
with 3000 images. We use machine learning to exclude
tweets that are jokes/memes, and use subset via spatial at-
tributes to find tweets relevant to coastal morphodynam-
ics. A final manual processing is required to find tweets
directly relevant to morphodynamics. Initial work suggest
that there are just hundreds of relevant images (Figure 1).
Text analysis is ongoing.

Figure 1. Screenshot of interactive map of geo-tagged
twitter photos from Hurricane Irma (2017).
These observations are spatially and temporally sparse
compared to high temporal resolution data (e.g., buoys,
tide gauges) or high spatial resolution data (e.g., lidar).
Many areas of interest for coastal modelling have no ge-
olocated tweet.

3. Results from Preliminary Analysis

3.1 Novel anthropogenic behaviour

Scouring this dataset provides some indication that there
is potentially interesting and novel information for a mor-
phodynamicist, such as observations of during-storm mit-
igation measures (Lazarus and Goldstein, 2019) and how
humans interact with the landscape (e.g. Hooke, 1994;
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Haff, 2002, 2010).

3.2 Capturing storm impacts before clean-up

A key benefit of social media data is the ability to cap-
ture storm impacts in built settings before cleanup oc-
curs, which can inform future models of coupled human-
landscape systems (e.g. Werner and McNamara, 2007;
McNamara and Werner, 2008).

4. Future Directions

We identify several future directions for merging social
media data with morphodynamics research. Two exam-
ples are 1) Understanding how to store and reuse the data
in a way that does not violate the terms-of-service of a
specific platform. A key hurdle is the fact that users can
delete tweets at any moment, erasing potentially useful
information; 2) It remains unclear how to effectively use
social media data in morphodynamic models, or how a
model can be built to explicitly use social media data (e.g.
Referee 2, 2017). We give an example using a coastal
dune erosion model presented in Beuzen et al. (2019).
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1. Introduction

Mangrove forests in New Zealand’s northern estuaries
have rapidly colonised intertidal flats since the 1930s
(averaging 4% yr!, Morrisey et al., 2010). This forest
expansion has followed order-of-magnitude increases in
fluvial-sediment fluxes to estuaries after catchment
deforestation in the mid-1800s. Mangrove forests are
vulnerable to sea level rise (SLR) as they occupy a narrow
elevation zone (i.e., mid-to-upper-intertidal) and must
accrete sediments to maintain their elevation relative to
sea level.

Development of models to simulate long-term
biogeomorphic evolution of mangrove forests is at an
early stage. Formulation and validation of these models
require quantitative data that integrate processes over the
annual-to-decadal time timescales relevant to mangrove-
forest development. Biogeomorphic reconstructions from
sedimentary records have typically lacked sufficient
temporal resolution to observe process-response
feedbacks (Swales et al., 2015). Insights on biophysical
processes controlling mangrove-forest surface-clevation
dynamics have come from studies employing Surface
Elevation Tables (SET, e.g., Krauss et al., 2014). With
few exceptions these studies have focused on fluvial
sediment-poor systems whereas the largest mangrove
forests occur in fluvial sediment-rich settings. In this
study we identify key formative processes and feedbacks
controlling the long-term biogeomorphic evolution of a
sediment-rich Avicennia marina forest in the Firth of
Thames (37.25°S, 175.4°E), New Zealand.

2. Methods

The biogeomorphic evolution of the Firth mangrove
forest was reconstructed using dated sediment cores
collected along an 800-m shore-normal intertidal
transect; and (2) detailed aerial photographic record of
forest development since the 1950s. Excess lead-210
(*'%Pbxs) sediment accumulation rates (SAR) were used as
a proxy for surface-elevation gain. Sediment accretion
and surface-elevation trends were measured at triplicate
SET stations (2007-2018) located along the transect in
fringe, scrub and a relict-fringe forest zones of varying
elevations and distance from the unvegetated mudflat.
Hydroperiod was measured using pressure sensors and
cameras (2011-2014) deployed at a SET station located
in each forest zone. These data, along with other
environmental variables, were analysed using Boosted-
Regression-Tree (BRT) methods.

3. Results
Two- to ten-fold increases in 2!°Pbyxs SAR occurred years
to decades before secedling recruitment events on the
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intertidal flats. This demonstrates that mangroves did not
measurably enhance sedimentation over annual to
decadal timescales. Sediment accretion and resulting
surface-elevation trends (0 to 28 mm yr!) in the
mangrove forest over seasonal to interannual time scales
are controlled by the coupling of frequent onshore winds
and resulting resuspension of intertidal muds by small
estuarine waves, with the fortnightly cycle of spring tide
inundation. Sediment desiccation and resulting
compaction during the summer (4 to 16 mm yr'!) and deep
subsidence of the entire forest (~8 mm yr!) are key
processes controlling surface-elevation dynamics (Figure

).
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Figure 1: BRT partial-dependency plot of retained
predictors for sediment accretion in the mangrove forest:
hydroperiod (Hp), mean onshore wind speed (Wmean)
and mean air temperature (Tmean).

3. Conclusions

The negative feedback between surface elevation and
hydroperiod is a key process controlling mangrove-forest
evolution. Regular ‘‘day-to-day’’ processes, rather than
extreme events ultimately drives the long-term
biogeomorphic evolution of the Firth mangrove forest.

Acknowledgments

This study was supported by the NZ Ministry of Business,
Innovation & Employment (NIWA Managing Mud
Programme — contract FWCE1911).

References

Swales, A., Bentley, S.J., and Lovelock, C.E. (2015).
Mangrove-forest evolution in a sediment-rich estuarine
system: opportunists or agents of geomorphic change?
Earth Surface Processes and Landforms 40: 1672—
1687.

Morrisey D.J., Swales, A., Dittmann, S., Morrison, M.A.,
Lovelock, C.E., Beard, C.M. (2010). The ecology and
management of temperate Mangroves. Oceanography
and Marine Ecology: An Annual Review 48: 43—160.

Krauss, K.W., McKee, K.L., Lovelock, C.E., Cahoon,
D.R., Saintilan, N., Reef, R., Chen, L. (2014). How
mangroves adjust to rising sea level. New Phytologist
202: 19-34.



Antidunes on steep slopes: variability of wave geometry and migration celerity

L. Pascal', C. Ancey' and P. Bohorquez?

!'Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland. ivan.pascal@epfl.ch, christophe.ancey@epfl.ch
2 Centro de Estudios Avanzados en Ciencias de la Tierra, University of Jaén, Jaén, Spain. patricio.bohorquez@ujaen.es

1. Introduction

As a result of interactions between streamflow and
sediment, riverbeds are seldom smooth, but depending on
hydraulic and sediment transport conditions, they exhibit
bedforms, which grow and migrate over time (upstream
or downstream). Morphology migration may explain
bedload transport pulses observed in field surveys and
laboratory experiments, even under steady supply
conditions (Gomez et al., 1989; Dhont and Ancey, 2018).
Experimental investigations into the coupling between
stream and bedform commonly focus on downstream
migrating forms (dunes or bars). Guala et al. (2014)
documented the importance of considering the scale-
dependent relationship between wave geometry and
migration celerity for estimating the sediment fluxes due
to downstream migrating dunes.

Taking inspiration from their work, we investigated the
case of upstream migrating bedforms, called antidunes,
on steep slopes. Antidunes of variable wavelengths have
been observed in gravel-bed streams (see Video Clip S2
in Froude et al, 2017). Well-controlled flume
experiments are useful for assessing how bedform
geometry and celerity are interrelated.

2. Methods

To investigate antidune formation and migration, we ran
experiments in a 2.5-m long 4-cm wide flume with well-
sorted gravel (dso = 2.9 mm). The experiments were
performed under steady conditions for water discharge
and sediment supply. We studied four cases with different
transport intensities and the same value of mean slope
angle, $ = 3°. For each run we selected the unit flow
discharge value qw which ensures balance between
erosion and deposition for a given sediment feeding rate
Qsin (values from 2.0-107 to 6.1:107° m?/s). The flow
conditions were supercritical and fully turbulent.

The bed-topography data were collected using a side
camera that covered a 75-cm long window in streamwise
direction. The acquisition window was located near the
middle of the flume. The resulting topographic profiles
were characterized by a temporal resolution of 1 s and by
a spatial resolution around 1 mm. Data acquisition started
only after the system reached quasi-equilibrium between
the sediment supply at the inlet and the sediment
discharge sampled at the outlet (sampling time in the 60—
120-s range). Moreover, the sediment feeding rate and the
bedload transport rate at the outlet were monitored using
high-speed cameras and image processing techniques.
The duration of the experiments ranged between 35 and
77 minutes.

3. Results

During these experiments, antidune patterns developed
and migrated upstream over almost the entire length of
the flume. The bed topography was characterized by high
stability of the mean bed slope in time. Considering the
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bed elevation matrix Z(x,f), we extracted the typical
modes applying a 2D Fast Fourier Transform in terms of
wavenumber and frequency. This analysis allowed us to
determine the statistical distribution of spatial scales and
timescales. The spectra revealed a multiscale behaviour
of the bedform geometry and its migration celerity. In
particular, this study revealed the existence of a positive
relationship between wavelength A and celerity ¢. The
normalization of the variables enabled us to better
understand this dependence.

4. Conclusions

The experimental investigation demonstrated that, even
under well-controlled conditions, antidunes exhibit
varying shapes and migration celerity. In our
experiments, we observed that longer antidunes (high 1)
travelled upstream faster than shorter ones (low 4). Thus,
we developed a scaling functional relationship that
described the trends (celerity vs. wavelength) observed
for different sediment transport intensities. The
multiscale nature of this relationship is key to estimating
friction parameters and sediment fluxes in the presence of
antidunes and when interpreting field and laboratory data.
The outcomes could improve the estimation of bedload
transport fluxes in mountain streams and help
paleohydraulic reconstructions.
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On January 12, 1862, an earthquake of magnitude 7.5
struck the Selenga River delta at Lake Baikal, Siberia
(Fig. 1). This event instantly lowered an area of 230
km? of the delta’s northeastern region by 3-4 meters
below lake elevation, creating “Proval Bay”, which in
Russian appropriately translates to “Failure Bay”. Not
long after the 1862 earthquake, a major distributary
channel of the Selenga River avulsed into this newly
created accommodation space. Presently, this eastern
distributary channel delivers approximately 45% of the
total water and sediment discharge of the Selenga River
into Proval Bay; consequently, the eastern delta lobe has
prograded ~ 62 m yr'!, building approximately 90 km? of
subaerial deltaic deposit (Il'icheva, 2008). This seismic
event and subsequent rapid fluvial response reflects an
important convergence of sedimentary dynamics and
tectonics: a significant portion of the Selenga delta
landform was downthrown via tectonic activity; the
locally enhanced topset slope facilitated a channel
avulsion, and fresh sediment deposits are now
entombing and the underlying former topset stratigraphy
into the geologic record.

Proval Bay,
(1862)

Posolsky Bay,
(500~600 ya.)

Cherkalovo Bay,
(>600t ya.)

5

Figure 1 The Selenga River delta and Lake Baikal.
Seismic activity subsides parts of subaerial delta below
lake level, converting these regions into embayments.
The most recent event generated Proval Bay (1862),
and others are also indicated.

Prior studies of modern river delta systems have
sought to link surface processes to stratigraphy.
However, signals measured in modern deltas are
dominated by autogenic processes (internal dynamics of
the system) with little means to evaluate how allogenic
(external) perturbations manifest and impact the
depositional record. Hence, existing theories linking
delta morphodynamics and stratigraphy have developed
primarily from physical experiments and numerical
models, where boundary conditions can be controlled
and constrained. For example, experimental studies
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demonstrate that the competition between autogenic
lobe switching and allogenic influences (e.g., tectonic
perturbations) plays an important role affecting sediment
accumulation and the production of stratigraphy.
However, validating these predictions using studies from
modern field observations has not yet occurred

Located on the Baikal Rift margin, the Selenga
River delta consists of three distinct lobes that receive
varying amounts of water and sediment as a function of
their respective slope and developmental history (Dong
et al., 2016). This location therefore provides an
excellent natural laboratory to test the following
hypothesis: the competition between autogenic and
allogenic forcing on delta lobe development can be
assessed by comparing morphological development over
two discreet timescales — natural channel extension and
commensurate reduction in slope and sediment
transport capacity, and episodic tectonic subsidence that
disrupts lobe development. To constrain the autogenic
lobe switching timescale, field measurements of water
and sediment discharge are collected for the three lobes
of the Selenga River delta, covering the 2018 summer
flood hydrograph, whereby measurements occurred
continuously from low to bankfull discharge. These
data are combined with robust historical records (1908-
2018), which include significant earthquake subsidence
events affecting shoreline position. Water and
sedimentation patterns of the delta lobes, and natural
extension of these lobes, are compared to the production
of accommodation via tectonic activity. This allows for
a first-order comparison of autogenic and allogenic
impacts on development for the Selenga delta lobes.

We determine that the lobe-scale strata of the
Selenga River delta are reflective of autogenic
depositional processes; however, on decadal timescales,
deposition is disrupted by allogenic (tectonic) forcing.
Moreover, the compensational stacking time scale can
be established based on morphodynamic activity
combined with subsidence patterns that derive from
punctuated tectonic events. This information can be
used to predict the internal stratigraphy of the Selenga
delta system arsing over the past several centuries.
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1. Introduction

Dunes and bars are bedforms commonly observed in
alluvial channels. Their interactions is seldom analysed in
rivers, specifically the formation and growth of bars from
a relatively flat bed composed of dunes. This field-based
study sheds light on this formation process and on the
interactions between the new formed bar appeared on the
site (“autochthonous”) and migrating bars coming from
upstream (“allochthonous”).

2. Study site & method

The study site is located near Saint-Mathurin-sur-Loire,
in the downstream reach of the Loire River (France,
[Figure 1D]), about 150 km upstream of the estuary. The
study reach is 2.5 km long and nearly straight with a bed
slope of 0.0002 m m'!. The bed is composed of sands and
gravels with a median diameter = 0.8 mm. The width-to-
depth aspect ratio ranges between 120 and 550 according
to discharge variations. The significant variation of the
aspect ratio with hydrology leads to different bar modes
(Cordier, 2018). To understand the initiation and the
morphological evolution of bars, we carried out
bathymetric surveys along longitudinal profiles for
various discharge conditions. Flow velocities were also
measured using aDcp surveys.

A

1 06/12/2016

A—r——_
Dune Field

13/02/2
Pt

017

Bar initiation

02/05/2017

.

Bar groath

Bed elevation (ma.s.l)

*n

Bar groath
and migration

14/0¢/2018
N
e

/

Bar migration

Distance downstream (M) | {ums

Figure 1: A: Initiation and evolution of a bar (highlighted
in black); B: Initial (1) and final (5) river bed (left and
right banks indicate in grey and black resp.); C:
Hydrogram with bathymetric surveys; D Study reach in
2017.

3. Results & Discussion
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During the first survey (06/12/2016, after an annual
flood), bars were not present on the left side of the
channel. A large dune field, almost flat, was present
(Figure 1A). In this area, dune tracking measurements
show that averaged dune height, length and celerity are
about 0.3 m, 6 m and 30 m.d"!, respectively. The second
survey (13/02/2017, during an annual flood, [Figure 1C])
shows the initiation of a bar from a bed initially covered
by dunes. The dune field oscillates into two small bars
characterized by a wavelength of 500 m and an amplitude
of about 1 meter. During the falling stage of the flood,
these two bars merged into one unit of 2 m high and 1000
m long. During the subsequent biennial flood, the bar
aggradation continued (3 m in height and 1000 m long)
and the macroform started to migrate downstream.
During its migration, the bar deflected the flow towards
the right bank. This process led to the erosion and
migration of a bar in this area ([Figure 1B], Claude et al.,
2014; Cordier, 2018). According to the hydrology, bar
initiation and aggradation processes lasted 5 months. The
biennial flood allowed the migration of the bar with an
average celerity of 2.5 m.d™!.

3. Conclusions

This study suggests that bars can arise from a spontaneous
initiation in a channel, apparently controlled by the
dynamics of dunes (Ashworth et al., 2000; Claude et al.
2014). These newly-created bedforms interact with pre-
existing bars migrating from upstream, leading to a highly
dynamic environment, according to the hydrological
forcing.
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1. Introduction

Periodic bars are a common feature of rivers and corre-
spond to large sediment deposits alternating with deeper
areas that arise from an instability phenomenon of the al-
luvial bed. Linear stability theories show that periodic
bars are primarily governed by the width-to-depth ratio of
the flow, which is a crucial parameter to define the thresh-
old between stability and instability regimes as well as the
bar “mode” a parameter that indicate the number of bars
that form in the river cross-section. Classical approaches
to study bar formation and migration have considered sep-
arately the forcing effects of hydrology and channel ge-
ometry. Because the width-to-depth ratio is a function of
water depth and thus of discharge, the latter is thus a cru-
cial parameter for bar stability and dominant bar modes.
Furthermore, geometrical channel changes not only mod-
ify directly the width-to-depth ratio, but also induce local
areas of erosion or deposition. The present study is meant
to better understand the impact of combined complex hy-
drology and channel geometry on bar morphodynamics in
alluvial riverbeds. To this goal, a two-dimensional mor-
phodynamic model (Cordier et al., 2019b) is used to sim-
ulate the bed evolution of a 1 km long reach of the Loire
River, corresponding to an area of contraction/expansion
wherein complex bar dynamics have been observed.

2. Numerical Scenarios and Results

Four scenarios are proposed to investigate bar morphody-
namics processes and patterns, with a special focus on the
hydrological conditions. The first proposed scenario (run
A, also referred to as reference scenario) consists on re-
producing numerically the bar evolution observed in situ
by Claude et al. (2014) starting from March 15 2010
and lasting one year, using the hydrogram of 2010-2011.
The influence of the hydrology on resulting bar dynam-
ics is investigated by comparing results from the refer-
ence scenario and three derived scenarios considering uni-
form water inflow (runs B, C and D). The three last runs
are defined by water discharges representative of the low
flow period (run B, Q,, =200 m3/s), mean annual flow
(run C, Q,, =500 m>/s) and two-year flood peak (run D,

» =2000 m3/s).

Computation of the most probable bar mode m using the
predictor of Crosato and Mosselman (2009) at different
stages of run A and bar modes obtained from the nu-
merical model (Fig. 1) suggest a strong variation of the
bar pattern in the study area, varying between alternate
bars (m = 1), central bars (m = 2) and a multi-channel -or
braided- pattern (m > 2.5).

In every single scenario considering a constant flow rate,
a dominant bar pattern is observed in the expansion area
in the late stage of the simulations (Fig. 2). In run B,
the bed topography consists in a multiple channel pat-
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tern with relatively short bars. Conversely, in run D, the
riverbed is characterized by the presence of alternate bars.
In run C, an intermediate state is obtained, where trans-
verse bars and central bars patterns are alternating over
time (Cordier et al., 2019a).
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Figure 1. Time-series of the theoretical and numerical
bar modes obtained with run A.
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Figure 2. Planform bed topography computed with the
morphodynamic model after a period of 300 days with a

uniform inflow with a) run B, b) run C and ¢) run D.

3. Conclusions

The model predicts satisfactorily the bar evolution with
respect to field observations, such as the transition from
an alternate bar to a transverse bar system. In agree-
ment with theory, varying discharge creates a competi-
tion between low and high bar modes. High flow rates in-
duce bar mode reduction, whereas low-flow rates induce
higher bar modes. The forcing effect of channel contrac-
tion/expansion on bar dynamics appears strongly medi-
ated by discharge variations.
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1. Introduction

Side channels are small secondary channels that are
generally connected to the main channel at both ends.
Side channels are (re)constructed to reduce the flood risk
and to increase the ecological value of a river. Many such
artificial side channels quickly aggrade (Riquier et al.,
2015; Van Denderen et al., 2019) and therefore costly
maintenance is needed. There are several parameters and
processes such as the channel length and secondary flow
at the bifurcation that affect the sediment supply and the
transport capacity in side channels. The imbalance
between supply and capacity results in bed level changes
within the side channel system. Here, we first present the
development of a side channel system in the river Waal.
We then propose a framework to estimate the
development of side channels.

2. Side channel system at Gameren

The side channel system at Gameren was constructed
between 1996 and 1999 (Figure 1). Their objective is to
compensate a water level increase that was a result of a
levee relocation. At the upstream side of the East channel
and the West channel, weirs were constructed to control
the discharge in the channels such that the East channel
flows 100 d/yr and the West channel flows 265 d/yr. The
Large channel is much longer compared to the other two
channels and is permanently connected to the main
channel.

All the three channels show large aggradation, but the
type of sediment that is deposited in the side channel
differs. In the East and West channel are mainly filled
with fine sand that in the main channel is transported as
suspended bed-material load. The East channel has
reached a bed level at which vegetation is able to grow
and wash load is trapped. In the Large channel, the bed
shear stress is lower due to its large width variation and
the channel length. This also results in the deposition of
wash load material. In each of the channels different
mechanisms are important that result in the aggradation
of a side channel and these mechanisms seem to be linked
to the sediment that is deposited in the side channels.

3. Side channel characterization

The side channel system at Gameren is an example that
depending on the channel and its development different
processes are important that cause the side channel
aggradation. A similar distinction in the sedimentation
processes can be found in other rivers such as the river
Rhone in France (Riquier et al., 2015). We define three
categories: (1) bed load supplied side channel, (2)
suspended bed-material load supplied side channels and
(3) wash load supplied side channels. These categories
are based on how the sediment that is deposited in the side
channel is transported in the main channel. Each category
is related to mechanisms. Knowing these mechanisms, we
can give a first estimation of the development of a side
channel and its corresponding time scale.

4. Conclusions

Side channel development can be characterized based on
the sediment that is deposited in the side channel. The
sediment that is deposited in the side channel gives an
indication of which mechanisms are important for the
development of the side channel system.
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1. Introduction

We propose an original method for estimating riverbed
evolution at hydrometric stations through the analysis of
stage recessions. The main goal is the detection and auto-
matic estimation of variations in the mean bed elevation
using stage record only, in the absence of discharge mea-
surements (aka gaugings), rating curves and bathymetry
measurements. The method assumes the stage reces-
sion physically tends towards the riverbed elevation as
streamflow tends towards zero (Lapuszek, 2003). Thus,
a change in the shape of the recession may indicate a po-
tential riverbed evolution. This work focuses on rivers
subjected to sudden morphological changes.

2. Methodology

The first step of the proposed method is the identification
of recessions from the stage record. A threshold param-
eter is used to separate two successive recession curves,
based on a minimum difference between the start of pe-
riod i and the end of period i — 1.

The second step is based on a Bayesian regression of each
recession using a two-exponential model and the asymp-
totic stage K. (Equation 1),

h(t) =61 ¢ %" +6;¢ % +h, (1)

where h is the stage, ¢ is the recession time and
01, 0,,0s,04, ho are the inferred parameters.

The last step consists in the segmentation of the asymp-
totic stage time series. To account for uncertainties a
Bayesian segmentation method has been implemented.
The inferred parameters are the mean of each homo-
geneous segment and the change point times. The
choice of the optimal number of segments is relative to
the minimum value of the Bayesian Information Crite-
rion (Schwarz, 1978).

3. Results

The proposed method has been applied to the Ardeche
River at Meyras (Barutel) in France, a river with a gravel
bed degrading during each flood. We considered the pe-
riod 07/11/2001 - 01/01/2015. Figure 1 shows the results
of the segmentation method applied to the asymptotic
stage time series. The dashed vertical lines and the hori-
zontal gray lines are the change point times and the mean
for each homogeneous period, respectively, obtained by
the proposed segmentation method with quantitative un-
certainties. The results evidence three detected change
points. If we compare them with the official shift times
(provided by the hydrometric service and represented by
crosses in Figure 1) we observe in general a good agree-
ment, except for the first shift time (at 1835 days). How-
ever the results of the riverbed estimation using gaugings
and rating curves for each official stable period (obtained
by Mansanarez et al. (2019) and represented by horizontal
black lines in Figure 1) show that the bed variation is quite
negligible for that time. It seems that the recession anal-
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ysis is able to detect net riverbed change only. Further-
more, a seasonal variability of the estimated asymptotic
stage is observed, approaching to the estimated riverbed
elevation during the dry season only. This variability
causes the overestimation of the segments mean. Never-
theless, since the riverbed variations mainly occur during
the rainy season, we need to analyse all available reces-
sions (including uncertain ones) to avoid missing change
times.
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Figure 1. Results of the stage recessions segmentation
for the Ardeche River at Meyras, France, for the period
07/11/2001-01/01/2015.

4. Conclusions and perspectives

The proposed method for detecting riverbed change
through stage recession analysis yielded encouraging re-
sults with the detection of net riverbed change. How-
ever, the seasonal variability of the estimated asymptotic
stage requires further investigation. Perspectives include
the validation of the method by considering more chal-
lenging case studies, e.g. the Wairau River at Barnett’s
Bank in New Zealand. Furthermore, the prediction of the
asymptotic stage after the flood may be possible, provid-
ing real-time information about potential riverbed change.
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1. Introduction

Although some past studies described the flow partition
in a bifurcation (Klienhans et al., 2012), there is still little
understanding for some specific cases such as
bifurcations on a bend. In general, the previous studies of
2D numerical modeling have been solved for bifurcation
in straight channels only (Dutta et al., 2018). This
research intends to carry out an approximation of the
effects produced by the location and bifurcation angle in
a bend evaluating the trapped efficiency of the secondary
channel. The question to answer is what effect of both
parameters (location or angle) is more important for a
secondary channel to remain or to be abandoned. For that
purpose, it is utilized 2D numerical modeling based on
the Telemac System coupled with Sisyphe sediment
transport module.

2. Methods

Nine study cases were defined, varying the position (+10°
from apex and apex) and bifurcation angle (£10° and 0°)
along with a bend in the main channel (Figure 1). For the
2D simulations, it is considered bed and suspended load.
Table 1 shows the general parameters utilized for the
geometries. Geometrical conditions were set to guaranty
the secondary flow effects (Dietrich, 1987) and previous
geometry studies (Edmons et al., 2016).

Parameter Main Secondary
Channel width to Depth 33.3 333

ratio

Wavelength to channel 120 120
width ratio

Main channel to secondary 0.7

channel width ratio

Table 1: Geometrical parameters of both channels

bW

\J \/\ N J\/\
Figure 1: Position and angle of the start of the secondary
channel

It was considered in the domain, 1) all the secondary
channels have the same length, 2) the secondary channels
reconnect to the main channel in the same location and
angle, 3) the main channel was modeled until it reached
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bed equilibrium, before connecting the secondary
channel, 4) all the secondary channels have the same
width to depth ratio and the initial condition was flat bed.

3. Conclusions

Preliminarily results show that both, location and angle
bifurcation have a significant impact on the temporal
evolution of the flow partition in the secondary channel
“life”. Figure 2 shows the flow distribution for some
cases Cl, C5, C7, and C8. The secondary channel that
starts upstream the apex bend (C1) captures a 7% and 25
% more flow than the located in the apex and downstream
the apex (C7 and C8), respectively.

Comparing the bifurcation angle for C7 and C8 the
changes in the capture of flow varies no more than 1%.

ct -

Figure 2: Flow‘ll)artition for some study ggses (C1, Cs,
C7, and C8). See Figure 1.

When the initiation of the secondary channel is in the
apex, it captures more flow at the beginning of the
simulation; however, gradually and consistently the main
channel recovers the largest fraction of the flow. It would
be interesting to increase the elapse of time simulated for
cases Cl and C5 to determine if in Cl the secondary
channel keeps increasing its capacity to capture the flow,
and for C5 if the secondary channel losses its capacity;
note that C5 show results up to 300 hours.
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1. Introduction

A key challenge in fluvial geomorphology lies in under-
standing the mechanics that govern channel incision over
millennial time scales. Channel incision into rock or co-
hesive sediment plays a key role in the evolution of land-
scapes. In the case of engineered landforms or storage
sites for hazardous material, long-term stewardship relies
on an ability to forecast potential future rates and pat-
terns of erosion. Many different mathematical formula-
tions have been proposed as approximate descriptors of
the channel incision process. It remains unclear, how-
ever, which of these gives the best and most parsimonious
representation of the process for any given environmental
setting, geological material, or scale. Here we test and
compare a set of alternative erosion laws. To do so, we
exploit a natural experiment in rapid post-glacial chan-
nel network incision. A series of 37 different numerical
models, representing various combinations of alternative
channel and hillslope erosion laws, are tested for their
ability to reproduce the modern topography of a ~5 km?
watershed, given a reconstruction of the immediate post-
glacial topography and an estimate of the downcutting
history at the watershed outlet.

2. Approach

The case study is a small watershed east of Lake Erie, in
the state of New York, USA. Following the retreat of the
Laurentide ice sheet, channel incision carved a network
of ravines and gullies up to 50 m deep into an initially
low-relief surface. Remnants of the original surface allow
reconstruction of its pre-incision form, and dating of flu-
vial terraces and related features provides an estimate of
the post-glacial history of incision in the main stem valley
to which the catchment drains. The availability of “before
and after” topography provides an opportunity to test a
group of alternative erosion models based on their ability
to reproduce the modern topography. We consider 37 dif-
ferent process models, which differ from one another on
the basis of one or more of the following aspects: chan-
nel incision law, hillslope erosion law(s), representation
of hydrology, and treatment of material properties. Here
we focus on channel incision laws. The general formula-
tion casts incision rate as the difference between rates of
bed-material entrainment, £, and deposition, D:

on —D-E
9t |channel

(D

where 1 is land surface elevation. We consider varia-
tions on this general form. In most cases, D = 0, but in
some models D is treated as a function of sediment flux

-28 -

and discharge. E is represented as a power function of
discharge and slope, with or without a threshold. Dis-
charge is treated either as proportional to drainage area,
as a modified function of drainage area that accounts for
partitioning between surface and shallow subsurface flow,
or as a linear function of a stochastic-in-time precipita-
tion rate. Material erodibility is treated either as uniform,
or with different erodibility coefficients assigned to shale
and glacial till. To carry out this inter-model comparison
and evaluation, we used the CSDMS Landlab Toolkit
(Hobley et al., 2017) to construct the individual numer-
ical models. The resulting open-source package is known
as terrainbento (Barnhart et al., 2019).

3. Results

Formal calibration of the alternative models reveals that
the greatest improvement in model performance comes
when shale and cohesive glacial sediments are treated as
distinct lithologies, with the shale more resistant to de-
tachment than the glacial material. Inclusion of a thresh-
old in the detachment term also substantially improves
model performance. Stochastic representation of stream
flow did not significantly improve model performance,
nor did inclusion of a deposition term.

4. Discussion and Conclusions

Calibration and inter-comparison of 37 alternative long-
term erosion models demonstrates that channel incision
into relatively fine-grained materials at the test site can
be approximated using a detachment-limited formulation
based on unit stream power in excess of an erosion thresh-
old. Despite the apparent similarity between the two pri-
mary lithologic units, reproducing the observed incision
patterns requires treating the shale as more resistant than
glacial till. More generally, the approach to hypothesis
testing that we outline in this study can be applied to other
natural experiments, and has the potential to improve our
mechanistic understanding of long-term channel incision.
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1. Introduction

Destructive mine-tailing, dam failures and post-fire, mud
and debris flows destroy lives and property. These
geologic hazards - and other similar processes - fall on a
continuum between classic, Newtonian, flood analyses
and geotechnical, stability analyses. The US Army Corps
of Engineers (USACE) is developing a Non-Newtonian
library (DebLib) that includes a suite of rheological and
clastic approaches to hyper-concentrated, mud, and
debris flow dynamics. The Hydrologic Engineering
Center (HEC) has implemented these Non-Newtonian
methods into the widely-used, public-domain, open-
channel hydraulics and morphodymaic software, HEC-
RAS (the River Analysis System). This work presents the
Verification and Validation of several of these non-
Newtonian approaches, applying several rheological and
clastic approaches to non-Newtonian transport in HEC-
RAS to experimental studies that include a range of
concentrations and gradations.

2. Non-Newtonian Models and Validation Data
Sets

The study team implemented a selection of rheological,
clastic, and combined non-Newtonian closures in HEC-
RAS. This study tested the linear Bingham model (with
O’Brien parameter equations) and, Julian’s turbulent,
Bagnold’s dispersive, quadratic terms. HEC-RAS also
includes the non-linear Herschel-Bulkley (HB)
approach that quantifies dilatant or thinning processes
and clastic approaches including a Coulomb yeild stress
and the Cross approach, which can be applied alone or
as a yeild component in the rheological models.

In this study, these non-Newtonian approaches were
applied to unsteady flow simulations of a wide range of
experimental data with the different non-Newtonian
closures. The experimental data include lower
concentration (Cy between 1.5 and 9.2%) thinning (HB
power between 0.55 and 1) experiments (Burger et al.,
2010), high concentration (Cv>63%) experiments with a
range of grain sizes and mixtures, including dilatant and
thinning (HB power between 0.43 and 1.25) materials
(Parsons et al., 2001), and clastic experiments (Mainali
and Rajarathnam, 1994) with coarser materials (dso
between 0.22 and 0.43 mm) and a range of
concentrations (Cv between 1 and 22%). Most of these
studies measured or estimated yeild stress and viscosity
and compute HB parameters, providing the opportunity
to test the different non-Newtonian models in different
settings. Empirical equations (e.g. Obrian and Einstein
and Chen) that compute these parameters in the absence
of measurements, which is the case for most prototype
applications, are also evaluated.
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Example results are included in Figure 1. Figure 1
compares measured velocities from the “fine”
experiments in Parsons et al., (2001) (tyietc=98Pa,
p=1.92Pa-s) with the HEC-RAS results with the
standard, Newtonian, shallow water flow equations and
the Bingham closure.
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Figure 1: Depth averaged velocities measured by Parson
et al. (2001) in three different experiments plotted with
computed Newtonian and Bingham velocities.

3. Conclusions

The study team developed a non-Newtonian library
leveraged by multiple, free, production level hydraulic
and morphodyamic software packages, including HEC-
RAS. These non-Newtonian closures improve results for
hyper-concentrated flows, mudflows and debris flows.
However, the appropriate algorithm must be selected for
each case. The library includes dimensionless thresholds
to automatically select algorithms based on condition.
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1. Introduction

The active layer model (Hirano, 1971) is the most widely
applied model to account for mixed-size sediment in mor-
phodynamic simulations. In this model, the bed is dis-
cretized into two parts: the active layer and the substrate.
The sediment in the active layer is assumed to be perfectly
mixed, whereas the substrate may be stratified. Sediment
entrainment and deposition occurs within the active layer
only. A flux of sediment from and to the substrate oc-
curs in case of lowering or increase in the elevation of the
interface between the active layer and the substrate.
Using this simplified view of the mixing processes, one is
able to reproduce, up to a certain extent, a large amount of
physical processes such as armoring, tracer propagation,
downstream fining, and the formation of a gravel-sand
transition. However, the model suffers from an impor-
tant limitation: under certain conditions (specially under
degradational conditions when the active layer is coarse
with respect to the substrate) it may be ill-posed. An
ill-posed model is incapable of representing any physi-
cal process, as the solution is unstable to short wave per-
turbations (e.g., noise in the initial condition and numer-
ical truncation errors) and does not converge when the
numerical grid is refined (Chavarrias et al., 2019). Ill-
posedness indicates that a key physical process is missing
in the model description.

Chavarrias et al. (2017) devised a regularization strategy
that prevents the one-dimensional active layer model from
being ill-posed. By increasing the time scale of the mix-
ing processes, the regularized model is guaranteed to be
well-posed. The strategy was tested against laboratory
data. In the laboratory experiment, degradation into a fine
substrate was imposed, which led to periodic entrainment
cycles of fine sediment. The regularized model captures
the mixing processes averaged over a time scale that in-
cludes several cycles of sudden entrainment of fine sed-
iment. Although the strategy was shown to be success-
ful, it has been applied under one-dimensional conditions
only. Here we extend the strategy to two-dimensional
conditions.

2. Regularization Strategy

Our first attempt is to modify the two-dimensional version
of the active layer model in the same manner as Chavar-
rias et al. (2017) modified the one-dimensional version of
the model. Interestingly, this straightforward extension
of the one-dimensional solution to two dimensions does
not regularize the model. We prove this fact conducting
a perturbation analysis of the two-dimensional model ac-
counting for the modification of the time scale.

We propose a new strategy for regularizing the two-
dimensional model. As an increase of the time scale of

-30 -

the mixing processes appears to be the key element to
regularize the one-dimensional model, we devise a dif-
ferent strategy that has similar physical implications. Dif-
fusion accounts for the mixing processes on a short time
scale not resolved by the model. The new strategy con-
sists of adding a diffusive component to the active layer
equation only (i.e., the Exner equation for bed elevation
changes remains intact). By means of a perturbation anal-
ysis, we prove that a certain amount of diffusion guaran-
tees that the active layer model is well-posed under two-
dimensional conditions.

3. Application

The regularized two-dimensional model is guaranteed to
be well-posed. Yet, well-posedness does not guarantee
that mixing-processes are well represented. In testing
whether diffusion accounts for the mixing processes oc-
curring on a short time scale, we compare the results of
the regularized model to laboratory and field data.

We implement the strategy in the software package
Delft3D. We model the laboratory experiment conducted
by Chavarrias et al. (2017) while considering the trans-
verse direction and compare the results to the laboratory
data. In this way, we not only compare results to lab-
oratory data but also to the results of the regularization
strategy of the one-dimensional model. A second test is to
model the experiment conducted by Blom et al. (2003). In
this second experiment fine sediment initially part of the
substrate was entrained due to dune growth. This process
is represented in the active layer model by an increase in
the active layer thickness. Finally, we asses the conse-
quences of ill-posedness and the regularization strategy
in a field case. To this end, we use a two-dimensional
schematization of the Rhine branches in the Netherlands
that accounts for mixed-size sediment processes.
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1. Introduction

Though they comprise ~80% of global coastlines, rocky
shores are significantly understudied in comparison to
their depositional counterparts. As winter wave heights
and variability intensify across Western Europe,
understanding the susceptibility of these coasts is
becoming increasingly important. Though sea cliffs are
subjected to persistent wave action, cliff erosion and
collapse is episodic, making prediction difficult, as
observations of cliff failures do not always coincide with
the highest magnitude waves. In addition, there is a
significant mismatch between the maximum pressures
exerted by individual breaking waves (kPa) and the
intact tensile strength of the bedrock that comprises
these cliffs (MPa), suggesting that under almost all wave
conditions, erosion should not occur as the tensile
strength of the cliff rock is almost never exceeded by
wave forcing.

These observations suggest that sea cliff stability is not
purely dependent on the magnitude of a single wave, but
is likely related to the additive effects of the full history
of past wave action. Indeed, previous studies have
suggested that the cyclic flexure of sea cliffs in response
to wave action result in progressive weakening of cliff
rock via fatigue processes. Here, we explore the
influence of variable wave action on cliff flexure
patterns using seismic methods. We present data from a
coastal seismic observatory established on the Orkney
Islands of Scotland, where 30m sea cliffs are subject to
wave heights from 1-15 m, making it an ideal natural
laboratory to characterize the contribution of varying
wave heights towards cliff rock weakening and eventual
erosion.

2. Quantifying cliff rock displacement in
response to variable wave forcing

We pair high-resolution wave buoy data with a cliff-top
seismic network to characterize the relationship between
delivered wave energy and sea cliff response. Through
comparison of wave and seismic spectra, we constrain
the portion of ocean waves that most effectively
translate into mechanical work. We characterize the
relationship between wave height and cliff shaking. We
find that cliff displacement as measured by a cliff face
seismometer is strongly dependent on wave magnitude,
such that the degree of cliff displacement scales
nonlinearly with wave height. As such, larger waves
appear to have a disproportionate effect on cliff flexure.
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3. Characteristic cliff flexure in response to cyclic
wave action

We also constrain the degree of cliff flexure in response
to variable wave action by quantifying cliff
displacement in a cross-shore seismic array. We find
that cliff displacement decays nonlinearly with distance
from the cliff face, driving cliff flexure. At Orkney, this
cliff flexure, or decay in ground displacement, is
insensitive to wave magnitude. Further, preliminary
data shows that cliff flexure patterns derived from the
Orkney seismic dataset are consistent with data from
four previous studies where cross-shore seismic data has
been collected. This suggests that coastal cliffs have a
universal and characteristic response to wave action,
such that cliff strain patterns can be predicted from
measurements of displacement measured at the cliff
face.

4. CIiff displacement as a proxy for rock fatigue
We hypothesize that both the magnitude of cliff
displacement and patterns in cliff flexure will evolve
with time as rock damage develops via low-magnitude,
cyclic cliff flexure. Preliminary data confirm this
hypothesis, indicating temporally coherent variations in
the relationship between the intensity of cliff
displacement and wave height, implying damage
accumulation due to repetitive stressing of the cliff rock.
Additionally, we find that, while insensitive to wave
magnitude, the decay in cliff displacement landward
also increases through time, suggesting more efficient
loss of energy. We suggest that this energy may be
consumed by an increased in the role of brittle fracture
processes related to damage accumulation.

5. Conclusions and implications for sea cliff failure
Through the analysis of passive seismic data from sea
cliffs on the Orkney Islands, we find:

e Larger waves increase intensity of cliff shaking

o CIiff flexure is insensitive to wave magnitude

o Spatial cliff displacement patterns may be universal
across rocky coasts

Temporal variations in cliff displacement patterns
suggest damage accumulation via rock fatigue due
to cyclic cliff flexure in response to wave action
These preliminary observations from Orkney, paired
with previous work from four other sites, suggest that
patterns of cyclic cliff flexure may be universal across
many rocky coasts, and, as such, could act as a
significant driver of cliff erosion and retreat.
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1. Introduction

On August 25, 2017, Hurricane Harvey made landfall at
the northeast end of San Jose Island, central Texas, USA.
Offshore-directed winds on the left side of the eye caused
bay water to pile up against aeolian dune ridges
immediately adjacent to the beach (Fig. 1a). A wrack line
of organic detritus on the landward sides of these dunes
documented water-surface elevations ~ 3.8m above sea
level. In addition, ADCIRC hindcast values for storm-
driven water levels predicted water-surface elevations ~
0.5m lower on the seaward than landward side of the
island (Goff et al., 2019). This seaward-sloping water
surface drove flow across the island and out into the Gulf
of Mexico, and return-flow channels cut into the island
(Fig. 1b).

2. Observations and hydrodynamic modelling
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The locations of channel heads spatially correlated with a
change in vegetation and root density.

The ANUGA hydrodynamic modelling suite was run
using the pre-storm topography (Fig.la) and estimated
water-surface elevations as boundary conditions. Model
results point to the importance of (1) variability in dune-
ridge topography on selection of channel locations, (2)
topographically enhanced lateral flow in side-channel
development, and (3) competing flow capture by adjacent
channels in setting final channel size.

3. Conclusions

Within six months, a laterally continuous beach had
rebuilt across the seaward-most necks of all channels.
Since then, repeat measurements document no systematic
filling of channels landward of this point, indicating
persistence in the coastal landscape.
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Figure 1. Images from two airborne lidar surveys collected shortly before (a) and after (b) Hurricane Harvey. Arrows
point from bay-ward to seaward side on San Jose Island. (b) Return-flow channels cut into acolian dune ridges and
washover deposits by seaward-directed flow on the left side of hurricane. Notice the appearance (far left) of a large,

rectangular barge that was ripped from its bay mooring and transported to the landward side of the dune ridge.

Seaward flow across the island scoured 31 channels to
depths below mean lower low water. Fifteen of these
channels can be seen in Figure 1b. With antecedent dune
topography up to 6m in height and deepest scours as much
as 2m below sea level, channels were associated with
removal of columns of sand, meters in thickness.
Oriented perpendicular to the coastline, trunk channels
were up to 450m in length and 140m in width. Side
channels oriented at right angles to trunk channels
followed the swale between dune ridges. Median grain
size for eroded island deposits was very fine or fine sand.
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1. Introduction

Tidal channels on muddy flats with low vegetation cover
are characterised by significant flow-induced bank
erosion and consequently gravity-induced bank failure
(Gong et al., 2018). The failure patterns (e.g., toppling,
shear-type and tension failure) of tidal channel banks are
subject to both bank height and near-bank water depth.
Although some of the physical and numerical
experiments have been conducted to investigate the
effects of bank height and near-bank water depth on
bank stability (Chu-Agor et al., 2008; Nardi et al.,
2012), few of them attempt to combine these two factors
and to define a threshold judging the type of bank
failure. Here, on the basis of experiments evidences, we
propose a numerical model to simulate the process of
bank failure, taking into account the transition between
saturated and unsaturated soil.

2. Methodology

In this research, ABAQUS software, version 6.14, was
used to model the stress-strain behaviour of overhanging
blocks resulting from flow-induced bank erosion. The
dimensionless parameter R, defined as the bank height
divided by near-bank water depth, is used to quantify the
coupled effects of bank height and near-bank depth. To
study the relation between bank failure type and R, eight
series of numerical experiments (24 cases) on bank
failure are performed with different bank height and
near-bank water depth (Table 1).

Run ID | Bank height (cm) R

Run A 100 4/2/1.3
Run B 80 4/2/1.3
Run C 70 4/2/1.3
Run D 60 4/2/1.3
Run E 50 4/2/1.3
Run F 40 4/2/1.3
Run G 30 4/2/1.3
Run H 20 4/2/1.3

Table 1: Parameters applied in each numerical
experiment.
3. Results

We have conducted several physical experiments with
different bank height (20cm, 40cm and 60cm) and near-
bank water depth (15cm and 30cm). Laboratory
experiment results show that for large bank height (e.g.,
bank height=60cm), bank failure is characterised by
toppling (Fig. 1). Since near-bank water depth provides
hydrostatic pressure, the volume of the collapsed bank
soil decreases with increased near-bank water depth. In

the context of small bank height (e.g., bank
height=20cm), mass failure (e.g., toppling or shear-type
failure) is absent and instead bank soil gently moves
down into the water under gravity. This phenomenon is
similar to soil creep reported in salt marsh channels
(Mariotti et al., 2016). Numerical results indicate that
soil cohesion in the middle of the bank decreases
significantly with the decreased R. Since soil favors
creep rather than torque in the case of small soil
cohesion, mass failure is absent when R approaching 1.
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Figure 1. Images of toppling failures as observed in the
physical models with bank height of 0.6m and near-bank
water depth of 0.15m.
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1. Introduction

Disasters related to record breaking rainfall that may
be caused by climate change have been increasing in
recent years. Steep gradient rivers located in upstream
basin are facing serious damages such as bank erosion,
levee breaches and abutment damages. To prevent serious
flooding damages caused by bank erosion and establish
countermeasures for an erosion risk in such steep gradient
rivers, it is important to predict and understand the
patterns, locations, and scales of bank erosion due to the
meander shift related to flooding events. However, the
basic mechanisms to accelerate drastic and rapid channel
migration (including bank erosion risk) in a steep gradient
channel are unclear.

Channel meander in steep gradient rivers is affected
by various hydraulic parameters such as original channel
form, hydrograph, bed materials, patterns of growing
vegetation, location of levee and revetments. In this study,
we focused on a rapid, large channel meandering of the
Otofuke River, Hokkaido, Japan that occurred in August
2018 as shown in Figure 1. In this area, the channel flow
path expanded, and seven levee breaches were observed
in one night due to the record-breaking rainfall. The
timing was when the flow rate decreased, and it was the
same as the previous report related to the levee breaches
in the Otofuke River (Nagata et al., 2014; Iwasaki et al.,
2016). The objectives of this study are to estimate the
relationships between hydrograph shape and channel
morphodynamics in steep gradient rivers by means of
computational analysis.

T VN

Figure 1. Disaster situation of the Otofuke River (Sep
15, 2016), White line: bank lines before flood

2. Investigation Methods

Numerical experiments are conducted using 2-
dimensional shallow water flow model, Nays2D in iRIC,
in which the reproducibility had been confirmed using
DEM data of before and after the flood. The discharge
hydrographs used were (a) observed one as a basis and
modified as, (b) arriving peak discharge earlier, (c)
arriving peak discharge later, and (d) increasing peak
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Figure 1. Hydrograph in the numerical simulation,
Case 1, Case 2, and Case 3.

discharge larger, in which time integrated total volume of
the discharge was kept constant, as shown in Figure 2.

Based on the calculated results of these 4 cases, we
compared the time dependent and special distributions of
boundary shear stress, bed load transport rate, bank and
bottom erosion width, and deposition rates.

3. Conclusion
The results showed that, both the shape of channel path
and the locations of levee breach were almost same even
if the timing of peak discharge was shifted under the same
total flow and same peak discharge conditions.
Moreover, integrated flow rate and sediment transport
rate until the breach was also substantially similar in each
case.

Under this numerical condition, there is a possibility
that the duration of high water is strongly influenced on
channel formation than the peak flow rate itself.
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1. Introduction

Considerable research has focused on wave impacts on
the erosion of the marsh edge [Schwimmer 2001, Marani
et al. 2011, Leonardi et al. 2016, Bendoni et al. 2016].
Wave power is the primary driver of how fast the marsh
edge erodes, although much of the variability in the rate
of erosion cannot be explained by waves [Priestas et al.
2015]. Field studies often attribute variability in erosion
rates to vegetation [Le Hir et al. 2007] and soil
characteristics [Feagin et al. 2009]. Models of coastline
erosion typically incorporate all factors of marsh strength
into one correction that is used as a calibration parameter.
Not only is this value difficult to determine without
extensive field experiments, but by using one value, the
variability in individual marsh properties is largely
ignored. This variability is further intensified in estuaries,
where salinity gradients drive differences in soils and
vegetation. The goal of this study is to determine how
salinity gradients drive variability in erosion in estuarine
marsh settings and how this can be incorporated in
models of marsh erosion.

2. Methods

To explore how salinity gradients modify marsh edge
erosion, we used Barataria Bay, Louisiana, USA as a case
study. This estuary features fresh marsh in the north, and
gradually transitions to salt marsh near the outlet (Figure
1). Forty-eight cores were collected in brackish and saline
marshes within the estuary and were analysed for
sediment and vegetation properties. We modified a wind-
driven marsh edge erosion model [ Valentine and Mariotti
2019] to allow for different erodibility coefficients
depending on the salinity zone within an estuary, using
the core data as validation for variations in erodibility.
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Figure 1: Marsh salinity in Barataria Basin. Inset shows
modeled land loss results calibrated to a salt marsh.
Erosion is predicted well in the salt marsh, but not in the
brackish marsh (arrow indicates area of mismatch).

3. Results

A single erodibility parameter for the entire estuary yields
poor estimates of edge erosion when comparing between
salinity regimes. For example, if the model is calibrated
to a salt marsh erodibility parameter, erosion at the marsh
edge in intermediate and brackish marshes is
underestimated (Figure 1). Allowing the erodibility of the
marsh to depend on the salinity zone allows for a better
prediction of wind-wave driven marsh edge erosion.

3. Conclusions

Accounting for variations in marsh type, in marsh edge
erosion models through variations in erodibility improves
model performance.
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1. Introduction

The erosion of mangrove-mud coasts is a serious problem
worldwide, affecting millions of people in their daily life.
This research is part of the BioManCO project, which
aims at unravelling key mechanisms responsible for the
dynamics of (eroding) mangrove-mud coasts, and develop
guidelines and tools to restore and protect such coastlines.
The mangroves in Demak, Indonesia are fringed on their
seaward side by cheniers (see Figure 1). A chenier is de-
fined as a beach ridge, resting on silty or clayey deposits,
which becomes isolated from the shore by a band of tidal
mudflats (Augustinus, 1989). This work focuses on the
role of cheniers in the dynamics of mangrove-mud coasts.

Figure 1. Drone photo of a chenier in front of the
Demak coastline, Indonesia, December 2018 (Tas, 2018)

Satellite observations (van Bijsterveldt, 2015) reveal that
cheniers reduce degradation rates of the mangroves. Che-
niers create shelter, in which mangrove vegetation can re-
cover and stabilise the coastline. However, cheniers can
be extremely dynamic and little is known about the dy-
namics of cheniers in this area.

Therefore, the research questions this work aims to an-
swer are: How do cheniers develop in general and along
the eroding mangrove-mud coast of Demak, Indonesia?
Which mechanisms are responsible for their generation,
migration, and disappearance?

1.1 Hypotheses on the development of cheniers
Three mechanisms have been identified that may be re-
sponsible for the formation of the cheniers in Demak:

Hypothesis 1: Cross-shore, wave-driven Fines are
washed out of the bed by wave action. The coarser parti-
cles are concentrated in a longshore bar, which migrates
landward by wave asymmetry.

Hypothesis 2: Longshore Cheniers are formed as a
river mouth spit and are transported alongshore by waves
and/or tidal processes.

Hypothesis 3: Cross-shore, tide-driven Cheniers are
formed in response to an increase in the tidal prism (re-
sulting from flooding of the hinterland), which strength-
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ens tidal currents.

2. Methods

2.1 Hydro- and morphodynamic field survey

An intensive field survey was conducted between Octo-
ber and December 2018 in Demak, Indonesia. The exper-
iments were aimed at measuring the hydro- and morpho-
dynamics of one single chenier.

2.2 Numerical modelling of the development and evo-
lution of cheniers in one cross-section

The data of the fieldwork is used to set up and validate a
numerical model in Delft3D. In a first phase, a 1D/2DV
model is set-up (one cross-section, perpendicular to the
coastline), which can be used to test hypotheses 1 and 3,
as well as to perform a sensitivity analysis on the pro-
cesses affecting such cheniers. In a second phase, this
model will be extended to 2DH/3D.

3. Results

Despite the timing of the field survey around the start of
the stormy NW monsoon season, no storms or extreme
events were observed. In fact, wave heights rarely ex-
ceeded 0.5 m at a water depth of 12 m. Nevertheless, large
changes have been observed in the chenier, with erosion
and accretion up to 1 m at certain locations. Although the
Demak coastline has a micro-tide (tidal range around 0.5
m), the most significant changes occurred around spring
tide. While most coastal sandy ridges are wave-driven, it
seems that cheniers can also be dominated by the tide.
During the field survey, no new cheniers have formed.
Therefore, the generation of cheniers has been investi-
gated through numerical modelling and remote sensing.
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1. Introduction

The distribution of grain-scale roughness on river beds is
of significant interest, among others, for restoration sci-
ence. Several studies have shown that surface patchiness
is closely linked to sediment supply (e.g. Nelson et al.,
2009). Within a research project focusing on dynamic
river widening processes under variable sediment supply
conditions, an automated and robust measure of surface
patchiness in laboratory flumes is developed. The res-
olution of the digital elevation model (DEM) generated
by terrestrial laser scanning (TLS) is too low to directly
evaluate grain-scale roughness, which is approximated
by the standard deviation of point elevations 6z. How-
ever, the grain-scale roughness determined for selected
areas of interest (AOI) with higher DEM resolution can
be correlated to the values of the low-resolution DEM and
therefore allows the classifiction of grain-scale roughness
across the entire flume with limited measurement effort.

2. Methods

The workflow is presented using the example of a flume
experiment with alternate bars in equilibrium condition.
The mobile bed and feed material consisted of sediment
grains of Dsg = 1.94 mm, Doy = 6.27 mm, and 6, = 3.8
and developed a distinct patchiness of coarse bar tops and
fine pools. The topography was scanned with a Leica P15
TLS and transformed into a 10x10 mm DEM, a grid size
close to the maximum grain diameter.

Over the course of several experiments, eight
100x100 mm AOIs were selected for the detailed
evaluation of grain-scale roughness. Structure from
Motion and MultiView-Stereo (STM-MVS) were applied
(Agisoft LLC., 2018) and the resulting 0.1x0.1 mm DEM
was separated into grain and bedform vertical roughness
with the methodology described in Bertin et al. (2017).
The technique includes the application of a circular
averaging filter with a diameter value dependent on the
Dgq of the analyzed surface. The grain size distribution
of each AOI was determined by removing the uppermost
sediment layer either with an adhesive surface or by
manual extraction and subsequent square-hole sieving.

2.1 Results

The grain-scale roughness o0z ¢ determined in detail for
eight AOIs was linearly related to the total roughness o
obtained from the low-resolution DEM of the same AOIs.

076 =1490,—-0.74 (R*=0.87) (1)

Figure 1 shows the topography of an alternate bar se-
quence in the experimental flume and the grain-scale sur-
face roughness determined for the same reach based on
eq. (1), discretized as 100x100 mm tiles. The coarse bar
tops are clearly visible and finer patches follow the thal-
weg. The lateral expansion of the fine patches decreases
in the pools and widens on the riffles.
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Figure 1. (a) Topography of an alternate bar sequence
with (b) its surface grain-scale roughness.

3. Conclusions

The presented methodology shows how detailed informa-
tion on grain-scale surface roughness may be obtained
from a rather low-resolution DEM. The results gener-
ally represent the visually observed roughness distribu-
tion well, but a quantitative validation is pending. To fur-
ther refine the workflow, future work will include a higher
number of AOIs, a detailed exploration of the application
range of the presented relation, and thorough validation
by manually mapping the surface roughness distribution.
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1. Introduction

Observations of sediment fluxes are essential for the
understanding of observed morphological trends and the
calibration and validation of numerical models that are
used to predict (long-term) development of river systems.
A well-accepted method to assess suspended load
transport is to infer the suspended sediment concentration
(SSC) from ADCP backscatter. This method requires
relatively little effort, especially because ADCPs are
regularly employed for discharge measurements, and
offer a high spatial and temporal resolution.

However, the inversion of backscatter intensity to SSC
requires extensive calibration, as the intensity of the
acoustic signal does not depend on concentration, but also
on the particle size distribution (PSD) and other
parameters. In fine-grained rivers, mainly the coarse
fraction (sand) contributes to backscattering, whereas the
fine fraction (silt, clay) is not sensed, but it does affect the
signal through attenuation. We aim to develop a method
to estimate the attenuation of sound by sediment, by using
a tilted transducer.

2. Approach

The estimation of attenuation is based on the assumption
that the SSC and the particle size distribution (PSD) are
horizontally homogeneous (over the distance between
two beams). Attenuation is then estimated based on the
sonar equation (Eq.1), which provides a relation of
backscatter intensity, I, and instrument and sediment
properties (Thorne and Hanes, 2002):

25,2
_ 2,2 kKEksMs
1—p07"0 T2¢2

e*(ay, +as)r

where «, is the suspended sediment attenuation
coefficient. With instrument and sediment properties
know or equal between beams, the difference in received
backscatter intensity between two beams I, and [, can
now be attributed to attenuation over Ar (Figure 1).

AV

Figure 1: A conceptual drawing of an ADCP with two of
four beams.

2. Data

The method will be developed and tested based on data
obtained at two different location: at a tidal junction in the
Rhine-Meuse estuary and in the Ems-Dollard estuary (the
Netherlands). In the Rhine-Meuse estuary, velocity and
backscatter were measured with a vessel-mounted ADCP
over one tidal cycle (13 hours). In the Ems-Dollard
estuary, velocity and backscatter data were measured
with two ADCPs mounted on a frame, placed at the
bottom. The ADCPs measured for approximately eight
days. SSC values from samples in the Rhine-Meuse
estuary go up to 83mg/L, whereas samples from the Ems-
Dollard estuary reach values up to 2000mg/L.

Figure 2: Variation of SSC, backscatter intensity
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averaged over the cross-section and discharge over time,
in the Rhine-Meuse estuary.
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1. Introduction

Earth’s rivers transport over 10 billion tons of sediment
each year. Quantifying the size distribution of sediment
particles is essential to understand and predict many
fluvial processes. Standard techniques such as laboratory
sieving are labour intensive and provide limited spatial
coverage. To overcome these limitations novel image-
based methods have been developed. These methods are
non-intrusive and low-cost, providing a more efficient
way to obtain grain size distributions for coarse non-
cohesive bed material (e.g., Buscombe et al., 2010; Detert
and Weitbrecht, 2012). However, these approaches suffer
from uncertainties when quantifying the geometry of 3D
grains from 2D planform imagery. For water-worked
gravel beds, issues arise due to foreshortening,
overlapping, and imbrication of grains. A bulk grain size
correction is only possible by empirical factors (Stéhly et
al., 2017). The use of Structure from Motion (SfM)
techniques in combination with MultiView-Stereo
(MVS) algorithms provide a promising tool to expand
image-based grain size analysis to 3D (Detert et al.,
2018). However, to the knowledge of the authors, no
automated method has been developed and tested that is
able to derive 3D size, location, and orientation of
individual gravel grains out of images.

2. Methods

The steps for automatic 3D gravelometry are illustrated
in Figure 1. Input data are comprised of a high-resolution
3D point cloud of a gravel patch obtained by SIM-MVS.
An orthophoto is derived from the colour-values of the
point cloud and then gets analysed by the free software
BASEGRAIN (Detert and Weitbrecht, 2012). The
separated top-view areas of individual grains are then
transferred back to the 3D point cloud data. Next,
ellipsoids are fitted to the 3D surface points of each
separated grain. Finally, the ellipsoids are merged into the
context of the initial gravel patch. The result gives an
estimation of the grains’ midpoint locations, orientations
and axes lengths in 3D. The minimum grain size that can
be resolved is not dependent on its absolute dimension
(e.g., mm) but on the pixel resolution of the input images.

3. Outlook

In 2019 the following datasets will be analysed in more
detail to test this methodology: (i) in-situ dry fine gravel
from a laboratory scale model; (ii) dryly dumped coarse
gravel; (iii) in-situ subaqueous gravel bed; and (iv) drone-
based recorded coarse gravel bed. The main goal of this
work is to demonstrate potential areas of application and
to assess the limitations of this new technique.
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1. Introduction

Sediment porosity (n) is one of the key structural
properties of a river bed. It is defined as n = V,,/V;, with
V) and V: are the pore volume and total mixture volume,
respectively. Porosity is vertically variable in sand-
gravel mixtures, as the surface armor layer has a
different sediment structure and grain size distribution
than the fine subsurface layers. Although porosity
measurement methods (Frings et al. 2011 and Tabesh et
al. 2019, manuscript submitted to Geomorphology)
provide values of bulk porosity, they do not provide
information about porosity variations over depth. If such
information is required, the sediment mixture must be
stabilized prior to the sampling and the internal structure
of the mixture must be mapped. In this contribution, we
used X-Ray computed tomography (CT) to obtain non-
destructive, vertical imaging of the sediment mixture
structure to determine vertical porosity variations.

2. Description of the technique

To take undisturbed samples, sediment mixture must be
first stabilized. Sample stabilization for sand-gravel
mixtures is challenging, because of the absence of
cohesion and the large sample volumes involved. It
requires saturation of the pores of the sediment mixture
with a quickly-solidifying liquid. We tested several
stabilizer liquids (synthetic resin, sodium acetate and
paraffin) in the laboratory, and found paraffin to be the
most  cost-effective and  environmentally-friendly
material which solidifies within few minutes. The
stabilized sampling depth is related to the grain size
distribution of sand-gravel deposits and the
solidification duration. Therefore, our sample depths
varied between 1 and 10 cm and can be increased by
25% by heating the sediment surface prior to paraffin
application using a mobile heater. The paraffin volume
shrinkage due to the changes from liquid to solid phase
was measured in the laboratory to be 6 %, which was
considered during the porosity calculation. Afterward,
the stabilized samples (Figurela) were transported to a
specialized laboratory to scan the internal structure using
3D computed tomography. Using this process, gray-
scale 3D images of the internal structure of samples with
voxel resolution (three-dimensional analogue of a pixel)
of 100 pum were obtained (Figurelb).

3. Vertical porosity variations

To evaluate the porosity of sediment sample from CT
data, pores (includes paraffin) and grains must be
distinguished from each other. For this purpose, the
image segmentation method developed by Otsu (1979)
was applied to create a threshold between pores and
grains regions. During this process, the image was
analyzed so that the grains were interpreted as white and
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pores as black areas (Figure 1b). By determining the
number of voxels for each area, the porosity of the
sediment sample was evaluated. Figure 1c shows a
histogram of a CT image with two peaks indicating the
two phases of grains and pores, and the defined
threshold, which divides the sample into pores voxels
and grains voxels.

To measure the vertical variation of porosity
(Figure 1d), a subsampling region of 250 x 250 x 250
voxels (equivalent to 25 x 25 x 25 mm®) was defined.
Using a moving average, this subsample was moved
every 50 voxels in the vertical direction. For each
subsample the porosity value was calculated from the CT
image following the image segmentation process shown
in Figure 1d.

Figure 1: a) stabilized sediment sample, b) gray-scale
image of internal structure of the sediment sample, c)
histogram of gray-scale values of one subsample (n =
0.38) and defined threshold showed with red dash line,
and d) vertical variation of the porosity.

4. Conclusions

Our method for porosity measurement combines sample
stabilization using paraffin with X-Ray computed
tomography (CT) to map the internal pore structure to
determine vertical variation of the porosity. Our Tests in
the laboratory showed this method to be a powerful tool
for characterization of vertical variations of porosity.
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1. Introduction

Quantitative estimation of the stochastic feature of
sediment influx becomes important for long-term
reservoir management, with the frequency increase of
intense rainfall due to the recent climate change. The total
area of landslide spots is considered as an index to
sediment yield in a reservoir catchment (Kawada and
Uemoto, 1998). In this study, variation of the area of
landslide spots upstream from the Midorikawa Reservoir
which was built 45 years ago in Western Japan was
estimated by image analysis of aerial photographs, and its
dependency on the occurrence of intense rainfalls was
discussed.

2. Study site

Figure 1 shows the study site. The reservoir is located
near the Median Tectonic Line that runs the length of
Western Japan. Landslide spots marked with dots in the
figure are concentrated in the south half of the reservoir
catchment where outcrop bands are formed by tectonic
pressure. The image analysis was made for the watershed
of Naidaijin River shown with a broken line in the figure
where a lot of aerial photographs were available. The
river catchment area is 44.2 km?, and the altitude
difference is 1,490m.

(a) Study site location (b) Reservoir Watershed
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Figure 1: Study Site

3. Image analysis for landslide area

Ten Image data sets obtained from 1976 to 2016 were
analysed after some fundamental data processing such as
geometric correction, normalization of resolution and
contrast, and removal of data influenced by diffused
reflection. With the landslide spot data obtained from
naked eye distinction for 2016 image data, the error ratio
of image analysis was estimated for various threshold
levels of relative luminance. From the results, 6/co >1.6
was adopted to distinguish landslide spots from the
surroundings, where ¢ is the luminance deviation from
the mean value, cois the standard deviation.
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4. Variation of landslide area
An equation to express the time variation of overall
landslide area was assumed as follows:

Z(i)=Z(i~1)-exp(-aAt) + B R, (i) (1)

where 4t is a time increment, Z(7) is the landslide area at
time step i. Ri(i) is the cumulative rainfall amount when
R(?) > Rypj, R(?) is the time series of rainfall intensity and
Ry; is a threshold to induce landslide. « is the reduction
rate of Z when R(f) < Ry, and S is a coefficient for
response of Z to effective rainfall. Ry, a and /S are
empirical parameters. Figure 2 shows the comparison of
calculation results of two cases which have better results
than others are shown with the results from image
analysis. Figure 3 compares the annual sediment volume
increase observed in the reservoir to the estimated overall
landslide area shown in Figure 2. Although agreement is
not enough in detail, timing and degree of large
increments are well reproduced to some degree.
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Figure 2: Test results of Equation 1
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Figure. 3: Comparison with sedimentation in reservoir

5. Conclusion

This study showed the possibility that the variation of
landslide area was related to the occurrence of intense
rainfalls over some threshold as expressed by Equation 1.
In addition, the variation of sediment influx to the
reservoir had a rough correlation with the landslide area
variation. Therefore, this kind of simple model would be
useful for quantitative estimation of stochastic feature of
sedimentation in a reservoir located in a small river basin.

References

Kawada, H. and Uemoto, M (1998). Control factors of
reservoir sedimentation. Annual journal of Hydraulic
Engineering, JSCE, Vol. 42, pp. 1027-1032.



Towards an understanding of sand-mud segregation in tidal basins
A. Colina Alonso!, D.S. van Maren'?, Z.B. Wang'? and P.M.J. Herman!?

! Delft University of Technology, Delft, The Netherlands. A.ColinaAlonso@tudelft.nl
2 Deltares, Delft, The Netherlands

1. Introduction

Anthropogenic interferences in tidal basins can
irreversibly influence their morphological development
and the large-scale sediment budgets. Examples of
heavily impacted tidal basins are those in the Dutch
Wadden Sea. The man-made partial closures of two tidal
basins (the Zuiderzee in 1932 and the Lauwerszee in
1969) still influence the morphodynamics of the Wadden
Sea basins (Wang et al., 2018), including the overall
sediment budget. Key to understanding the impact of
these interferences is how they influenced the sand
balance and the mud balance. Establishing a realistic
sediment balance for both sand and mud and determining
how this balance was affected by the closures requires a
better understanding of the mechanisms that determine
the sand-mud patterns.

Analysis of recent field data shows that the Wadden Sea
environments tend to be either mud-dominated or sand-
dominated (see Figure 1). This suggests that we are
dealing with a bistable system with two stable
equilibrium states, and an unstable state in between
(Herman et al., 2018). In this research we investigate
physical mechanisms responsible for this bimodality.
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Figure 1: Distribution of the mud content in the Dutch
Wadden Sea (data source: SIBES database 2008-2013)

2. Methods

We investigate the bimodality using a combination of
data analysis and numerical modelling. Field data of
spatial sand-mud patterns in the Dutch Wadden Sea dates
back to the late 19" century. Since then, several datasets
of the sediment types have been collected, allowing for a
comparison of large-scale trends over the past 125 years.
Additionally, simulations with a Delft3D model enable a
study on the behaviour of sand-mud mixtures under
various hydrodynamic forcing scenarios.

3. Results and conclusions

Fine-grained sediments tend to migrate from high-energy
areas (channels) to low-energy areas (flats), and therefore
many flats are muddy whereas channels are sandy.
However, we do not yet know why transitions from

-42 -

muddy to sandy areas in basins as the Wadden Sea are
fairly abrupt. Van Ledden (2003) established an
equilibrium value for the mud content at the bed surface,
based on the (critical) bed shear stresses, and the
deposition and erosion capacity. From this, he concluded
that sharp transitions exist when the mud deposition
capacity is low (e.g. low suspended mud concentration).

Field data of the Wadden Sea reveal the existence of a
threshold for the bed shear stress: Above this value, the
bed consists of mainly sand with a very low mud content.
Below this value, a large scatter in the mud content is
observed. This shows that the mud content does not reach
the theoretical equilibrium value.

Two physical mechanisms can explain the bimodality of
the mud content in tidal basins. The erodibility of sand-
mud mixtures influences the mud content such that a
sediment sample with a high mud content will have a
higher critical bed shear stress than a predominantly
sandy sample. A sharp transition for the critical bed shear
stress was found for a clay content around 7% (van
Ledden, 2003). For the Wadden Sea, this corresponds to
a mud content of 35%. Moreover, the hydraulic
roughness decreases with decreasing sediment size in the
surface layer of the bed, leading to lower bed shear
stresses and hindering erosion in case of muddy beds.
Besides the aforementioned physical mechanisms,
ecological processes are also expected to contribute to the
observed phenomenon.

The obtained insights on sand-mud mixtures are not only
relevant to understand the natural sediment dynamics in
the Wadden Sea; they are also applicable to many other
systems, since large-scale sand-mud segregation is found
in estuaries and tidal basins all over the world.
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1. Introduction

Probabilistic descriptions of particle motion represent a
promising approach for developing large-scale morpho-
dynamic models that are consistent with the physics of
grain-scale sediment transport. However, experimental
observations of particle motion on which these descrip-
tions are based come almost exclusively from plane bed
conditions. This is problematic because plane-bed topog-
raphy is commonly unstable in alluvial rivers, leading to
the development of bedforms.

Bedform topography is coupled with fluid flow, causing
persistent zones of flow acceleration, expansion, and sep-
aration. This effect modulates the bed stress and sediment
transport fields, which has a profound impact on parti-
cle behavior. Several recent studies show that instanta-
neous quantities like particle activity and velocity vary
systematically in relation to topographic position, while
retaining probability distributions that are similar to those
observed under plane-bed conditions (Wilson and Hay,
2016). What remains unclear is how bedforms influence
Lagrangian integral quantities like particle hop distance
and travel time. These quantities are of primary impor-
tance in morphodynamic models because they are the cen-
terpiece of the enrainment form of the Exner equation, a
precise probabilistic statement of mass conservation that
encapsulates the relationship between topographic evolu-
tion and sediment transport.

We report the results of experiments designed to clarify
how bedforms influence the joint probability distribution
of particle travel time, streamwise hop distance, and lat-
eral hop distance. This is accomplished using videos of
fluorescent tracer particles recorded under two conditions
differentiated primarily by the presence or absence of
equilibrium bedforms. Measured distributions are com-
pared with probability distribution models proposed by
Fathel et al. (2015).

2. Experiments

Particle tracking experiments were conducted in a labo-
ratory flume capable of recirculating sediment and wa-
ter. The bed was seeded with fluorescent tracer parti-
cles which were illuminated with ultraviolet light and
recorded using a downward looking camera. Particle
motions were measured over equilibrium bedforms and
artificially-graded plane-bed topography without chang-
ing other boundary conditions like water discharge, outlet
flow depth, or flume slope. The full data set comprises
360 hops for the plane-bed condition and 1170 hops for
the bedform condition (Figure 1). Probability distribu-
tions were fit to these data using Bayesian estimation, and
distribution fits were evaluated qualitatively using his-
tograms and quantile-quantile plots.
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Figure 1. Measurements of particle travel time and
streamwise hop distance over bedforms (diamonds) and
plane-bed topography (circles). Dashed line corresponds
to a streamwise hop distance of 0.

3. Conclusions

We find that measured probability distributions are sim-
ilar in form and scale in both experiments with subtle
but important differences. Qualitative observations reveal
that a much larger fraction of hops occur in the upstream
direction when bedforms are present, and there is more
variability in transport direction. These observations cor-
respond to an increased coefficient of variation (the ratio
of the standard deviation to the mean) of particle hop dis-
tance, which is like a Peclet number in that it determines
the relative importance of advective-like and diffusive-
like transport. This means that bedforms increase the im-
portance of both streamwise and lateral diffusion.
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1. Introduction

One of the most complex topics in hydraulics is the flow
resistance. It is due to the interaction between the flow
and the obstacles that finds in its way. Roughness
produces a momentum exchange that results in what we
know as Turbulence. Turbulence can also be produced
by the addition of a local external force on the flow
mass. When the flow impacts over the macrorugosity it
tends to accelerate and change its direction. One of the
consequences of this force exchange is the creation of
vortexes; some of them would be able to produce bed
shear stresses stronger than the natural ones. Nikuradse
(1926), Sayre and Albertson (1961), Aguirre et al.
(1986), Koloseus and Davidian (1966), Christodoulo
(2014) are some of the authors that have already studied
macrorugosities in firm bed.

The idea of this study is to test the efficiency of these
macrorugosities for generating sediment transport in
flows where the sediment is unable to move.

2. Experiments description

Different macrorugosities were tested, see Figure 1.

\Flow

Figure 1: Examples of the analyzed shapes.

The experiments were carried out in the laboratory of
Fluvial Morphodynamics I of GITS-UPC at the Civil
and Environmental Engineering Department. A channel
of concrete 9m long and 2.52 m wide was used, inside
the channel there is a 2.5x2.5 m trench filled with 50 cm
of sand. The sand had a D50=1.6 mm and it is flattened
with a slope of 1-10. The movement threshold of this
sand in the experiments conditions it is reached for 100
1/s, a water depth of 10 cm and a bed shear stress of 1
N/m?. Different arrangements of the macrorugosities
were tested. The one that showed more efficiency was
the plate elevated from the bed. Thus, around this
macrorugosity different experiments were carried out in
order to wunderstand the velocity and stresses
distributions in the vicinities of the plate. Three different
discharges were tested (50, 75 y 100 1/s), always with a
water depth of 20 cm. The velocity profiles were
measured through a lateral ADV, measuring at a
distance of 1 cm and 5 cm downstream the element. The
experiments were carried out on the coarse sand bed
(D50=1.6 mm) and it was expected that a fine sand of
D50=0.2 mm moves over the bed. The dimensionless
bed shear stress in these conditions is between 40 and
85% below the threshold movement condition of the
fine grain, consequently the fine sand is not able to
move without the aid of an external force to the flow.
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3. Measurement results
For each parameter combination a detailed velocity
distribution profile was measured.

S

Figure 2: Velocity distribution Q = 75 1/s.

In Figure 2 it is shown how 5 cm downstream the plate
the velocity it is decreased, reaching even negative
values. The results show different values of elevation
“a” and height “b” of the plate (Figure 1). The natural
velocity profile when the flow has not reached the
macrorugosity yet is added in Figure 2. It can be seen
that there is still no influence of the plate on the
superficial zones.

In addition, using the Reynolds theory about the
averaged flow, the Reynolds shear stresses can be
calculated and, thus, characterize its distribution. The
results show a clear increase of the shear stresses, with
peaks that reach to exceed 6 times the natural shear
stress with no macrorugosity.

The plates increase the tensions over them and close to
the bottom. More plate elevation means less bed shear
stress, although, if the elevation is too small, the bed
shear stress can drop to null. The mobilization of the
sediment is guaranteed meanwhile the stresses under the
plate are high enough and, once the sediment goes by
and accumulates downstream, the upper stress mobilizes
it until it reaches the next plate.

5. Conclusions

The macrorugosity increases the bed shear stresses. The
elevated plates enable the sediment mobilization where
naturally would not be able to move.
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1. Introduction

In extreme tidal environments, very high current and
rough bottom generate large turbulence levels
periodically. Theses turbulent bursts can potentially
induced high sediment load of grains as coarse as
pebbles. Some clues lead to think that unusual
processes, like suspension of coarse particles or sheet
flow of gravels may exist in such environment. Because
sediment interactions with tidal stream turbines could
affect engineering performance, maintenance operations
and finally energy yield, an attempt to qualify and
quantify this load in the Alderney race (English
Channel) has been undertaken.

2. Methodology
To reach this goal we are simultaneously developing:

e A comprehensive measurement program based
on several specific systems to be able to
understand or model sediment dynamics in
these kind of very energetic marine
environments.

A regional sediment dynamic model based both
on semi analytical and experimental modelling
results and on in-situ data acquired.

2.1 Data acquisition strategy
For each particle population, we want to highlight:

o Mobility threshold processes

e Mode of transportation (bed load, saltation or
suspended load)

e Moving speed and height above seabed

e Sediment discharges

Five frames supporting have been moored this winter
with a dozen of sensors: two ADCPs, three current
meters, two stereovideo systems, one camera, five
hydrophones, five accelerometers, one acoustic turbidity
profiler, a sediment trap. Fifty pebbles with acoustic tags
have been launched on the sea bottom. The data
obtained should brought information on the load, the
size and the height of the particles in movement.

2.2 Modelling strategy

Meanwhile, a modelling effort has been undertaken: a
physical one in a current flume to study the transition
from rolling to saltation; a semi analytical one to enlarge
the flume results to the strong current conditions; and, in
the future, a regional one to evaluate bedload and
suspension load of different particle sizes.
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An experimental study of saltated sphere over a rough
bed was done. Different diameters (1.6cm, 3cm and
5cm), flow velocities (65cm/s, 85cm/s and 107cm/s) and
roughness (1.2cm, 1.6cm, 2.6cm) are tested. The critical
Shields number is estimated for each case and each
individual jumps are analysed (height and length) with a
fast camera.

A semi-analytical model is adapted from Berzi et al.
(2016) to extend validity of experimental data. Hydro-
sedimentary conditions that allow saltation are definied
(Figure 1).
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Figure 1: Results from the semi-analytical model. Dots
are experimental data.

3. Conclusions

A comprehensive field campain has been done in rough
hydro-sedimentary conditions. Analysis and
interpretation of data is ongoing. They should brought
information on the load, the size and the height of the
particles in movement. Exceptionally intense forcing
may induce other undocumented processes. These
results will feed the different modelling approaches that
are underway and will able to extend the validity of
process predictors.
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1. Introduction

Measuring the total sediment transport is very challeng-
ing because of the complexity of the environmental condi-
tions (e.g. Turowski et al., 2010). Though, it has a crucial
role on morphologies, erosion and deposition and migra-
tion rate.

With the help of a physical model, we established a
method to measure both bedload and suspension loads,
allowing us to obtain the total sediment transport. This
study investigates the impact of grain size on sedi-
ment transport using fine and medium well sorted sands.
Grain shape is also considered using bioclastic and non-
bioclastic sands. Tests are performed in a current flume
and the method used is based on an ADCP.

2. Experimental setup and measurement tech-
niques

The current flume of the LOMC' laboratory is 10m long,
0.49m deep and 0.49m wide. The current is generated
with a pump that recirculates the water in a closed circuit
(see Auzerais et al., 2016, for more in-depth descriptions
of the flume).

For the present study, three sands are used: a fine sand
(Dsp = 119um) and two medium sands (Dsg = 360um).
One medium sand has 39% of shell debris so that the im-
pact of particle shape can also be highlighted. Multiple
current speed are applied.

The bedload is measured by weighting the sand that falls
into traps situated at the end of the flume.

To measure the current velocity and the suspended load,
we used an Acoustic Doppler Current Profiler (UB Lab
from UBERTONE). The backscatter signal is proceeded
to allow turbidity calculation. The acquisition signal de-
pends on size and shape of particles and therefore results
from the ADCP are calibrated with samples taken during
the experiment.

These samples are withdrawn directly in the water column
during the tests at different heights above the flume bed.
The method is based upon the isokinetic method (Nelson
and Benedict, 1950): a small tube is inserted at the desired
depth facing the flow and withdraws water and sediments
with the same speed that the medium flow speed in the
flume. The samples are filtrated and sediments are dried
and weighted.

The calibration curves show good correlations between
the load of sediment contained in the sample and the
ADCP data. It is then easy to estimate the suspended load
for the sand types considered in this study.

3. Results

Bedload and suspension load are estimated for each sand
and compared to commonly used formulas in the litera-
ture. Results from the experiments show a good trend of
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the suspension transport rate: comparison is made with
Van Rijn (1984) formula and the relative error is rela-
tively small (around 20%). Overall, concentrations from
the ADCP are sightly lower than concentrations from
Van Rijn (1984), especially near the bed.

The expected transport based on Van Rijn (1993) criterion
for medium sands is a domination of the bedload trans-
port with a small amount of suspension load. This is what
is obtained with tests performed with the medium silic-
oclastic sand. However, we noticed that the suspension
load increases with the bioclastic sand: the particle shape
has an impact on the transport.

4. Conclusion

In this experimental study, bedload is measured by using
traps at the end of the flume and suspension load is mea-
sured with an ADCP calibrated with water and sediment
samples.

The method showed its reliability and results are in good
accordance with existing formulas found in the literature
and thus, provides a useful data base. The next step of
this study is the investigation of sand heterogeneity and
its impact on transport, both bedload and suspension by
mixing up the sands described above.

References

Auzerais, A., Jarno, A., Ezersky, A., and Marin, F. (2016).
Formation of localized sand patterns downstream from
a vertical cylinder under steady flows: Experimental
and theoretical study. Physical Review E, 94(5).

Nelson, M. and Benedict, P. (1950). Measurement and
analysis of suspended sediment loads in streams. Proc.
ASCE, 76:1-28.

Turowski, J. M., Rickenmann, D., and Dadson, S. J.
(2010). The partitioning of the total sediment load of
a river into suspended load and bedload: a review of
empirical data: The partitioning of sediment load. Sed-
imentology, 57(4):1126-1146.

Van Rijn, L. C. (1984). Sediment Transport, Part II: Sus-
pended Load Transport. Journal of Hydraulic Engi-
neering, 110(11):1613-1641.

Van Rijn, L. C. (1993). Principles of sediment trans-
port in rivers, estuaries and coastal seas. 1: Prin-
ciples of sediment transport in rivers, estuaries and
coastal seas. Aqua Publications, Amsterdam. OCLC:
832662677.



Effects of Sediment Strength on Sediment Transport Mechanisms and
Morphology of a Dynamic Sandy Spit

N. Brilli! and N. Stark!

!Civil and Environmental Engineering, Virginia Tech, Blacksburg, Virginia. nickb96@vt.edu, ninas@vt.edu.

1. Introduction

In August 2018, a field survey was conducted off the
coast of Point Carrew, a sandy spit near Yakutat, Alaska.
The spit forms as strong longshore transport NW along
the Gulf of Alaska reaches a peninsula at the mouth of
Yakutat Bay (Yehle, 1971). Wave refraction around the
peninsula deposits the sediment towards the Ankau
estuary in the NE (Figure 1). After an unknown event in
1997 caused 400,000 meters® to erode, the spit has been
steadily accreting at a rate of ~32,000 meters*/yr. A
portable free fall penetrometer (PFFP) was deployed
along several transects in the nearshore zone of the spit to
determine sediment strength. Using the method
developed by Albatal et al. (2019), friction angles (¢) and
relative densities (D,.) of the surficial seabed sediments
were determined. The goal of this paper is to use the
obtained strength and packing properties to draw
conclusions about the dynamic morphology of the spit by
studying their effect on and response to sediment
transport processes.

Google Earth (59°32'23.42"N, 139°49'18.09"W)

2. Results

The deceleration profile produced by the PFFP yields a
maximum deceleration and an estimate of bearing
capacity (Stark et al. 2012). Relative density is obtained
via direct correlation from the deceleration record, and
the friction angle is back calculated using the bearing
capacity (Albatal et al 2019). The results show higher
friction angles and relative densities for transects (E-G)
than transects (A-D). Average ¢ and D, values in the
middle of transects A-D were 45° and 23% respectively
compared to 53° and 55% for transect E-G.

The area of A-D (N side of the spit) is the location with
the highest deposition rate (20,000 meters®/yr) because
this side is exposed to the refracting waves and longshore
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transport. The combination of wave energy and large tidal
range (~3m) leads to the formation of intertidal bars
(Masselink et al. 2006). Despite the net deposition on the
sub-aerial body of the spit, storms, tides, and waves
constantly rework the sediment in the intertidal zone,
producing these dynamic bars and contributing to high
sediment mobility. In contrast, the high accretion rate to
the North serves to protect the area of transect E-G thus it
receives much lower wave energy and experiences lower
deposition rates (2,500 meters?/yr). This prevents the
formation of an intertidal bar system, which leaves
sediment in this area relatively undisturbed by
hydrodynamic processes. Seismic activity would act to
consolidate and densify the sediment everywhere on the
spit, contributing to high ¢ and Dy values. This may be
reflected in the results from transects E-G, which are
mostly protected from hydrodynamic forcing.

3. Conclusions

Transects A-D are subject to constant reworking of
surficial sediment and deposition processes by waves and
sediment transport as seen by the presence of an intertidal
bar system, which is the reason for the lower ¢ and Dp
values. These processes likely work in a feedback loop by
which the lower ¢ and Dy sediments are more mobile and
enhance sediment transport, and the stronger, stiffer
sediments are more resistant to transport mechanisms.
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1. Introduction

Mangroves dissipate energy and change the propagation
characteristics of long waves such as tides, surges and
tsunami. As a result, they are often credited for protecting
the coast against hazards, and play a role in accumulating
sediment in the intertidal zone. Simple theoretical
arguments have been used to show that high friction
environments cause distortion of the wave shape
(Friedrichs and Madsen, 1992), but distortion caused by
vegetation-induced friction has only been studied through
numerical modelling and field observations. In principle,
the tide is flood-dominant within the forest, and ebb
dominant seaward of the forest, an effect that is driven by
the water level slope caused by delayed drainage from the
intertidal.

In this work, we use a simple analytical model
to study the coupled behaviour of the tidal wave in a
vegetated intertidal area. The region of interest (Figure 1)
is divided into three areas, the unvegetated flat (region 1),
the fringe (region 2) and the heavily vegetated forest
interior (region 3), with areas are connected by matching
water level and discharge across boundaries.

, Case 1: Flat bathymwesry
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Figure 1: Schematic of the domain with the two cases,
flat and sloping bathymetry.
2. Methods

Assuming that the momentum balance is dominated by
friction and the water level gradient, and dividing the
domain into regions where there is either no vegetation
(M) or vegetation is much more important than bottom
friction (F), yields a diffusion equation in each
environment type

an a ( D
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0 (1)

L:=0

-48 -

o= () )

where 77 is sea-surface elevation, % is water depth, x is
cross-shore distance (positive onshore), ¢ is time, g is
acceleration due to gravity, Cy is bottom drag, a, is
vegetation frontal area density and Cpis vegetation drag.

Following from Friedrichs and Madsen (1992),
the time dependence of Dgy is incorporated by
considering a frame of reference moving with the tide,
including the possibility of a harmonic

gh? 1/2

Cqlon/ox|

2gh2
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and Dy = < )

wT = wt + asin(wt) + gsin(Z(wt +¢+ g)), 3)
where o is the radian frequency, and ¢ is the phase of the
seasurface gradient and o is a constant. Equation 1 is
solved separately in each region i assuming a wave
solution,

T)m(x» T)meei(mwi‘rﬂpmi) “4)
and by matching 7 and u/ at each boundary, where u is

cross-shore velocity, m is the harmonic, ¢ a phase shift,
and

i cosh(m2kq_1Lg)
=1
=% cosh(m1/2kqLq)

Emi~cosh(m*2k;x) [ (5

Emi~x "], (ikmio %) (6)
for Case 1 and Case 2 respectively. The constants o and
v differ in each region, and the radian wavenumber is
k; = (imw;/D;)*/?, where w,= .

3. Conclusions

The model will provide a quick and easy tool which can
be used to estimate surge waterlevels and asymmetries in
mangrove coastlines. This tool is particularly useful in
areas where only satellite/LiDAR data are available.
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1. Introduction

Aquatic and riparian plants are recognized as fundamen-
tal components of fluvial systems. Vegetation influences
both the biological factors and the morphodynamic evo-
Iution in river corridors, together with the hydrological
alternation of low and high flow discharges and the sed-
iment transport processes of erosion and deposition. In
the same way, the establishment, growth and decay of ri-
parian vegetation is governed by the plant ability to adapt
to such morphodynamic evolution. Consequently, plant
resilience to uprooting is governed by the mutual inter-
actions between riparian vegetation and river processes,
particularly by flow magnitude, hydrograph duration and
erosion depth (Edmaier et al., 2011). As a result, plant re-
moval driven by flow and bed erosion (Type II uprooting)
is directly affected by stochasticity intrinsically involved
in such processes, due to randomness in flow hydrograph
and sediment transport (Perona and Crouzy, 2018).

In this work, we investigated the correlation between the
return period of flood events and the associated resilience
to uprooting of riparian vegetation from a stochastic point
of view.

2. Materials and methods

To model the stochastic occurrence of flow discharges and
calculate the correspondent return period, we adopted the
Compound Poisson Process and the Peak-Over-Threshold
(POT) analysis. Magnitude and duration Té of flow dis-
charge above the critical threshold for sediment motion
were defined according to the characteristics of the Com-
pound Poisson Process (shot frequency Ap, decay rate 7,
and average value Up). Plant resilience to uprooting R;
was calculated using the stochastic model of Perona and
Crouzy (2018), by considering different hydrological pa-
rameters of the Compound Poisson Process and charac-
teristics of riparian vegetation (e.g., critical erosion depth
at time of uprooting L,), as well as factors governing the
processes of sediment transport and bed erosion (e.g., the
coefficient in bedload transport formula o;). Figure 1
shows an example of the performed calculation.

Ap=DL10 , Tp= 150, fgpy =397
R. (L 0,25 )
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Figure 1. The computed riparian vegetation resilience
R against the return period T'(&) of flood events for
different values of L, (erosion depth at uprooting).
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According to the performed analysis, we are able to high-
light the key parameters determining the resilience of ri-
parian vegetation to flood events. As a result, both the
the characteristics of plants, the hydrological regime and
the riverbed erosion process contribute to increase or de-
crease chances of riparian vegetation to survive and then
establish in riverine environments.

To validate the proposed approach, the combined anal-
ysis of return period and stochastic resilience was then
apply to the field measurements of mechanical uprooting
of woody vegetation performed by Bywater-Reyes et al.
(2015) on the Santa Maria River (Arizona, USA).

V] 2 4 i
r_|I|

Figure 2. Flow hydrograph Q¢ (¢) and the associated
erosion rate 1) (¢) for the 10-years return period flood
event in the Santa Maria River (Arizona, USA).

3. Conclusions

Our analysis sheds lights on the correlations between
hydro-morphological processes and riparian vegetation
survival chances to flood events. The results show
that species recruitment and resilience depends on both
biomechanical properties of vegetation and flow magni-
tude and duration. The analysis suggests that changes in
the hydrological regime due to climate change conditions
may reflect in ecological shifts from native to invasive
species.
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1. Introduction and Methods

Scientists and managers of the coastal zone need to know
the coastal bathymetry to understand the behaviour of the
beaches and be able to predict their evolution. Intensive
monitoring programs through campaigns of direct mea-
surements of the bathymetry are excessively expensive,
so that in the last decades alternative methodologies have
been developed. Many of them are based on video mon-
itoring stations, and among the different existing algo-
rithms, cBathy (Holman et al., 2013) is the algorithm that
achieves the best results.

In a first step, cBathy gets the dominant frequencies and
their corresponding wave numbers from the Cross Spec-
tral Matrices (CSMs) of a given set of frequency bands.
An estimation of the local water depth is then obtained
from the dispersion equation. In the second step, the esti-
mated bathymetries obtained for each video are smoothed
through a Kalman filter to obtain the final hourly esti-
mates. This algorithm, which has been used in a number
of studies (e.g., Bergsma et al., 2016; Rutten et al., 2017)
to obtain 2-D bathymetries, presents however some limi-
tations and/or known problems that have been reported in
the literature (Rutten et al., 2017).

The work being presented here is an alternative to the first
step of cBathy. It consists of performing a Principal Com-
ponent Analysis (PCA) to the matrix made of pixel inten-
sities from a series of snaps. The result of the PCA is
the decomposition of the video into a set of modes asso-
ciated with the components of the wave field. The spatial
part (the Empirical Orthogonal Function, EOF), is associ-
ated with the spatial phase of the wave from which a wave
number can be derived. The amplitude of the mode (Prin-
cipal Component, PC) is associated with the frequency of
the wave component. To facilitate the decomposition of
the videos in modes of travelling waves, a Hilbert trans-
formation in time of the matrix of intensities has been car-
ried out.

The objective of this work is to explore the feasibility
of PCA of video images to obtain beach bathymetries.
To this end, artificial videos have been generated by as-
signing pixel intensity to the elevation of the surface free
of synthetic waves, both linear and nonlinear (Shi et al.,
2012, for FUNWAVE), propagated over known bathyme-
tries.

2. Results

It has been studied the influence on the results of: the dis-
cretization in time and space of the videos; the method
to derive frequencies and wave numbers from PC and
EOF, respectively; the characteristics of waves; and, fi-
nally, the complexity of the bathymetry. As a general re-
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Figure 1. Example of results from PCA. On top the
spatial phases, on bottom the recovered bathymetry.
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sult, the PCA is able to capture the individual wave com-
ponents from which bathymetry can be derived, see Fig-
ure 1. For nonlinear waves the PCA also encounters the
subharmomic components and reflections. For the most
common coastal waves (from 5 to 15s), the method al-
lows resolving the spatial structure of the waves with pix-
els that cover up to 4 m in real world coordinates and
recording images with a frequency of 1Hz or greater.

3. Conclusions

PCA of video images allows to isolate the various wave
components and determine their frequency and wave
numbers, from which the bathymetry can be inferred.
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1. Introduction

In the past, the river management was mostly
human-oriented, focusing on development, utilization
and safety, often ignoring the river habitat, leading to
ecological destruction of rivers. The issues of river
environment have recently been brought into focus and
the importance of environmental protection and
ecological balance has also been recognized. The
ecological capability in the river in turn decreases due to
artificial development or dredging. Henceforth,
ecological protection and restoration were taken up in
order to attain the purpose of river restoration. The
purpose of this study was to develop a two-dimensional
river habitat transition model to simulate the distribution
of habitat. Six habitat types are established; typel:
Shallow pool, type2: Medium pool, type3: Deep pool,
type4: Slow riffle, type5: Fast riffle, type6: Run, which
are defined by depth and velocity under ordinary flow
(average discharge in dry season is 3.38cms, and
84.57cms in rainy season). The Shannon index and
Simpson index are used as Habitat Diversity Index (HDI)
and the habitat diversity of the river under the average
discharge of ordinary flow is evaluated.

2. Results and Discussion

The simulation area is from the No.59 cross-section to
the No.73cross-section. The computed cells are squared
with Ax = Ay = 25m. The total cells are 11,953 and the time

step ( At ) is 0.05 second. The Manning's roughness
coefficient is 0.035.

The simulation results indicate that the water flow is
concentrated in the main channel under ordinary flow.
According to the calculation results of water depth and
flow velocity, combined with the classification of habitat
types, the distribution of fish habitat types under the
average discharge of ordinary flow was shown in Figures
1 and 2, respectively. The distribution of fish habitat types
is obviously different, the area and proportion of each
type of habitat under average discharge in dry and rain
seasons are shown in Table 1. Figures 1 and 2 show that
all habitat types are distributed in the main channel in the
dry season (November-April), and the type 2 and 3 of
habitats are the most, accounting for 38.3% and 52.4% of
the water area, respectively. The fifth type of habitat does
not exist at all. Under the average discharge in rainy
periods (May to October), the type 0 of habitat is the
water area without any habitat that accounts for 38.7% of
the total water area. The type 3 of habitat is the most,
accounting for 42% of the water area. The type 4 of
habitat is quite rare and the type 5 of habitat does not exist
in either the dry or rainy periods. The Shannon and

Simpson habitat diversity indices are H,,, =0.97 and
H,,, =057 H,,, =0.906
H

simp

in the dry season, and

=0.48 in the rainy season.

3. Conclusions

The habitat types are distributed in the main channel
during dry and rainy periods. In the mid-stream of the
Tsengwen River, the types 2 and 3 of habitats are the most
and the types 4 and 5 of habitats are quite rare or do not
exist. The habitat diversity under ordinary flow during
dry season is higher than that of rainy seasons.

Figure 1: The habitat types uﬁder average discharge in
dry periods (3.38 cms)

rainy periods (84.57 cms)

Tablel The area and proportion of each type of habitat
during average discharge both in dry rainy periods.
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Habitat Discharge in dry Discharge in rainy
types periods (3.38cms) periods(84.57cms)
Area | Proportion | Area | Proportion
(m?) (%) (m?) (7o)
0 0 0.0 379375 38.8
1 55625 7.9 40000 4.1
2 269375 38.3 122500 12.5
3 368750 52.4 413125 42.2
4 1250 0.2 1250 0.1
5 0 0.0 0 0.0
6 8125 1.2 21875 2.2
Total | 703,125 100 978125 100
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1. Introduction

Salt marshes have a great ecological value for estuarine
ecosystems, providing a broad range of services;
however, their general decline is being observed
worldwide, in large part due to undergoing threats posed
by human actions. Accordingly, there is a growing
concern about salt marsh preservation status towards their
conservation and restoration. The main objective of this
work is to evaluate the effects of bathymetric changes
induced by local dredging operations on the estuarine
vegetation of Aveiro Lagoon, a tidally dominated coastal
system located on the NW Portuguese coast. The lagoon
presents extensive salt marsh communities which high
ecological importance was recognized by the National
Classified Areas System (SNAP), integrating the Nature
2000 network as a Special Protection Area (SPA) and Site
of Community Importance (SCI).

2. Methods

A historical review of the lagoon morphologic evolution
was carried out, analysing the available dataset of topo-
hydrographic surveys. The resulting bathymetric changes
were related with the frequent dredging operations
performed in Aveiro Lagoon. After was assessed their
impact in alterations in estuarine vegetation through the
interpretation of Landsat satellite imagery and
determination of vegetation indices (Lopes et al., 2019).

3. Results

Over the last 30 years, the lagoon experienced mostly a
deepening of its main channels. The inlet channel
deepened over than 10 m in some regions and the main
channels depth increased up to 8 m (S. Jacinto and
Espinheiro) and 3 m (Mira and ilhavo). These changes
were motivated mostly by dredging activities performed:
1) regularly at the inlet; and 2) between 1996 and 1999 on
the lagoon main channels (Lopes and Dias, 2015).

The interpretation of satellite images revealed that these
morphologic alterations affected the intertidal regions
vegetation cover, promoting mostly a decrease of
vegetation indices (Figure 1). The Normalized Difference
Vegetation Index (NDVI) decreased in the upper reaches
of S. Jacinto channel and lagoon central area, and
increased in restricted regions located at the heads of
Mira, flhavo and Espinheiro channels. This pattern
reveals that: 1) the vegetated area decreased; 2) the type
of vegetation cover changed over this period. These
results agree with Lopes et al. (2019), that found
significant evidence that the vegetation indices patterns
observed prior to and after 1999 are due to morphological
changes in the lagoon, namely the deepening of the
lagoon main channels.
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4. Conclusions

This work revealed that the dredging activities occurring
in Aveiro Lagoon are changing significantly the local
morphology. These modifications were found to
represent a major threat to salt marsh communities of this
coastal system, endangering its ecological diversity.
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Figure 1: NDVI variation between July 1987 and July
2017.
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x=1500 m

Figure 1. Geometry and coordinate system. Beach slope
is 0.01, with shoreline located at x = 1500 m. Wave of 1
m high and 6 s period is applied along the offshore
boundary (x = 0 m).

1. Introduction

Shoreface nourishments are effective methods in protect-
ing the coast from erosion. It is important to study the
physics underlying the evolution of a shoreface nourish-
ment. In complex numerical models developed for a
practical purpose, it can be difficult to isolate physics.
We therefore have developed a one-dimensional idealized
model to study the physics behind the effect and evolution
of a shoreface nourishment.

2. Methodology

We assume that a nourishment (b(x), with x denoting
the cross-shore coordinate) is added onto an equilibrium
seabed (referred to as z; 0(x)) The evolution of nourish-
ment is subject to

b
ot

1 94 9%

T—pox Tom 0

)

where p = 0.4 is the porosity of sediment. The perturbed
sediment transport ¢’ is given by,

q = q(Ew(x), Er(x),25,0(x) +b(x)) = q(Ewo(x), Ero(x), 2,0 (x)),

2
where g is the sediment transport consisting of sediment
flux driven by wave skewness, wave asymmetry and re-
turn flow (Roelvink and Reniers, 2011). E,, and E, are the
wave and roller energy, solved from cross-shore wave en-
ergy transport equation (Battjes and Janssen, 1978). Sub-
script ( refers to the case without nourishment. The third
term in (1) represents the diffusion of the nourishment due
to gravity.

3. Results

Nourishments (see thick grey curve in Fig. 3 for its size
and shape) are placed initially at x,,. The magnitude of ¢’
increases (see Fig 2) as x,, approaches the coast. Placed
offshore, a nourishment causes shoaling and a positive ¢'.
As a result, the nourishment diffuses and gradually move
to the coast (feeder effect, see dashed curve in Fig. 3).
A nourishment placed close to the break point induces
an earlier breaking, resulting in a negative (positive) ¢’
around the newly formed (un-nourished) break point (see
the dark and bright region in Fig 2). Wave energy is dissi-
pated in this process (lee effect). The initial evolution of
nourishment depends on the intensity of the wave break
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Figure 3. Evolution of nourishment after 160 days.

triggered by the nourishment. The nourishment either
evolves into a skewed shape with its peak migrating on-
shore (weak break, for x,, = 1050 m in Fig. 3) or splits into
onshore and offshore parts (strong break, for x, = 1200 m
in Fig. 3).

4. Conclusions

A shoreface nourishment changes the shoaling (placed
well away from break point) or breaking (placed close
to the break point) processes of a wave, and therefore,
changes the sediment transport driven by wave skewness,
wave asymmetry and return flow. The nourishment thus
provide a feeder or lee effect. The approach we take il-
lustrates and isolates these mechanisms and provides an
alternative method by which nourishment can be studied.

Acknowledgments

The support of the UK Engineering and Physical Sci-
ences Research Council (EPSRC) under the MORPHINE
project (grant EP/N007379/1) and of the University of
Nottingham is gratefully appreciated.

References

Battjes, J. A. and Janssen, J. (1978). Energy loss and set-
up due to breaking of random waves. In Proceedings of
the 16th International conference Coastal Engineering,
page 569, USA ,New York. American Society of Civil
Engineering.

Roelvink, D. and Reniers, A. (2011). A Guide to Model-
ing Coastal Morphology. WORLD SCIENTIFIC.



Effect of Selective Withdrawal and Vertical Curtain on Reservoir
Sedimentation: a 3-D Numerical Modelling Approach

M.A Duka!, K. Yokoyama?, T. Shintani® and K. Iguchi*

Tokyo Metropolitan University, Japan. 'mauriceduka@gmail.com; *k-yoko@tmu.ac.jp;
3shintani@tmu.ac.jp; *iguchi-kei@ed.tmu.ac.jp

1. Introduction

In reservoirs, selective withdrawal systems are installed
to control the quality of the water downstream of dam. On
the other hand, vertical curtains are placed near the river
mouth to mitigate phytoplankton problems. Although
these two structures were proven to work for their
intended purpose, their direct effect to reservoir
sedimentation has not been fully explored. This paper
therefore presents a 3-D numerical simulation study of
reservoir sedimentation considering the presence of these
facilities after a flood event.

2. Study Site

The study area, located at Tokyo, Japan is the Ogouchi
Reservoir, which serves largely for the city’s water
supply. It has an effective storage capacity of 185 Mm?
and a water surface area of 4.25 km? at normal water level
(NWL) of 101.5 m from dam bottom. A selective
withdrawal facility, spanning up to a depth of 40 m from
NWL is in operation. Meanwhile, two successive vertical
curtains or fences with depths of 2 and 10 m, respectively
are installed across Taba River, the main tributary.

3. Numerical Model

A 3-D hydrodynamic simulator, Fantom Refined
(Shintani, 2017) was used, where equations of continuity
and 3-D Navier-Stokes with incompressible and
Boussinesq approximations are employed, together with
temperature transport. The sediment transport model
utilizes the advection-diffusion equation and takes into
account sediment deposition under constant settling
velocity. The equations were discretized based on a
collocated finite volume method. Horizontal grids of 50
m were used alongside vertical grids of 0.25 m at surface
gradually increasing up to 5 m at the bottom.

4. Calibration and Simulation

The effect to reservoir sedimentation of the July 15-17,
2015 flood was studied considering actual sediment
inflow for 2- and 5-um particles. Simulated temperature
profiles and water level were found to be in good
agreement with actual values. Six model cases were
developed for three outflow locations (15, 40 and 70 m
below NWL) without the fence (Cases 1a, 2a and 3a) and
with the fence (1b, 2b and 3b). Water is discharged using
selective withdrawal for the first two outflow settings,
while the last one is purely directed towards the penstock.

5. Results and Discussion

The sediment budget in Figure 1 shows generally higher
deposition for coarser particles (5 pm) while higher
suspension for finer ones (2 pm). Shallower withdrawal
without the fence (Case 1a) facilitates the largest release
of sediment out of the reservoir at 40%, especially with
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finer sediments. This setting allows the transport of
suspended sediments at the epilimnion, as facilitated by
relatively same levels of inflow in the river and outflow
in the selective withdrawal. Deeper withdrawals and
presence of fence would result to higher sedimentation.
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Figure 1: Sediment budget for all model cases.

Furthermore, vertical curtain enhances deposition in the
reservoir particularly upstream of the fence, where
around 20% of the bottom sediments are entrapped
(Figure 2). It is likewise apparent that most of bottom
sediments tend to accumulate at the shallower portions of
the reservoir (near the shoreline) due to earlier settling.
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Figuré 2: Bottom sediment distribution 24 days after
flood peak for Cases 1a and 1b.

6. Conclusions

Shallower water withdrawal enhances release of fine
sediments out of the reservoir while deeper withdrawal
and presence of fence cause larger sediment deposition.
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1. Introduction

Bulle-Effect is the phenomenon in which disproportion-
ately higher percentage of near-bed sediment enters the
side-channel of a diversion, compared to the percentage
of water. The phenomenon is named after Bulle (1926),
who conducted the first extensive study about it. Recently,
Dutta and Garcia (2018b) illustrated the applicability of
the phenomenon to sediment distribution at diversions,
and its importance for design of efficient sediment di-
versions (Dutta and Garcia, 2018a). The mechanics of
the phenomena was recently studied using 3D numerical
simulations at different spatio-temporal resolutions, using
LES (Dutta et al., 2016) and Reynolds Averaged Navier-
Stokes (RANS) based models (Dutta et al., 2017). The
sensitivity of the sediment distribution process to the size
of sediment showed that the phenomena is not only per-
tinent for the distribution of sediment traveling as bed-
load, but also for the sediment traveling in suspension
(Dutta, 2017). The current study explores the implica-
tion of the phenomenon on the morphological evolution
of diversions by analyzing the impact of Bulle-Effect on
evolution of the channel-bed of an experimental diver-
sion.The study also explores how the changing morphol-
ogy impacts the hydrodynamics at the diversion. Based
upon the available literature and knowledge of the pro-
cesses, the study also discusses the impacts of the Bulle-
Effect on morphological evolution of diversions beyond
the set of conditions simulated for the current study.

2. Numerical Model

The 3D RANS based hydrodynamic model is used in con-
junction with a morphodynamics model that accounts for
the change in bed-elevation using the 2D Exner equation,
and the bedload flux is calculated using the empirical bed-
load transport model by Meyer-Peter-Muller. Amount of
bedload transported depends on the size of sediment and
shear-stress on the bed, which is calculated using the clas-
sical quadratic relationship between the depth-averaged
velocity and the friction-coefficient with the total bed
shear stress. The bed friction was calculated using the
Chezy formula. The hydrodynamic governing equations
are discretized in space using the finite-element method,
and integrated in time using a fractional step method. The
computational-domain is composed of prismatic elements
that are built from an unstructured triangulation of the
two-dimensional domain, which are stacked in the ver-
tical from the bed to the free-surface. The Exner equation
is discretized in space using the finite-volume method.

3. Results and Discussion

The boundary conditions used for the simulations are sim-
ilar to the ones used by Dutta et al. (2017), but with an
erodible bottom that allows the bed to evolve in time. The
simulations were run till the bed reaches equilibrium. Be-
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low we have reproduced equilibrium bed-elevation results
for two of the cases. From the plots, one can observe the

Figure 1. Equilibrium bed elevation contours for
90-degree and 150-degree diversions. The hydrodynamic
and morphodynamic boundary conditions, and the size
of sediment are exactly the same for all the cases.

appreciable scouring in the diversion-channel in the high-
flow region, and formation of bar under flow-separation.
This study lays the groundwork for future research on the
topic of morphological evolution at diversions under the
influence of Bulle-Effect, with implications for both en-
gineered diversions and natural asymmetric bifurcations.
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1. Introduction

Rivers are dynamic systems with alternating patterns of
sedimentation and erosion. Both sedimentation and
erosion may have negative consequences from a
perspective of river management. Sustainable river
management calls for sufficient knowledge of a river’s
sediment dynamics. In order to identify areas and rates of
sedimentation and erosion, river managers typically rely
on acoustic echo soundings. Echo soundings, however,
do not provide information on the provenance and fate of
the sediment that is deposited or eroded. This essential
information can be obtained by constructing a channel
sediment budget (Figure 1). Channel sediment budgets
represent the mass balance between the sediment entering
the channel (I), the sediment leaving the channel (O) and
the (change in) sediment stored in the channel (AS): I- O
= AS. Whereas the value of catchment sediment budgets
for management purposes is well recognized, the value of
channel sediment budgets for management purposes is
not. The main goal of this contribution is to provide
scientists and river managers with arguments in favour of
channel sediment budget studies.

2. Methods
Consultations of river managers and river scientists from
within the Rhine River Basin.

3. Results and conclusions

Although drawing-up a sediment budget is time-
consuming and complicated, it is very rewarding in that it
strongly increases our understanding of the functional
behaviour of a river system and the human impact
thereon. Drawing-up a sediment budget helps river
management in the following ways (Frings and Ten
Brinke, 2018). It helps to: (1) create order in the apparent
chaos of data, (2) identify morphological problems, (3)
find smart solutions to problems, (4) set research agendas
and monitoring strategies, (5) optimize dredging and
nourishment strategies, (6) coordinate river management
on basin-scale, (7) assess consequences of human
interventions, (8) improve numerical models, (9) explain
river management to society, and (10) train future
generations of river managers.
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Figure 1: Cartoon of a channel sediment budget in a human-controlled river system, with different
sediment inputs (/), outputs (O) and the storage term (AS) (after Frings et al, 2019). Ly, I, Lse, 1ai, Lar, Lav,
1, : sediment input from upstream, by tributaries, from secondary channels, from diffuse sources, by
nourishment, through abrasion, or from the downstream area (in estuarine environments), respectively.
QOuo, Ose, Our, Ogr, Op, Opo, Oap: sediment output to the downstream area, towards secondary channels, due
to dredging, towards groyne fields, to floodplains, to ports or through abrasion, respectively.
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1. Introduction

Although rapid, over 1 m per year of erosion rates of
coastal cliffs has been reported in the outer Boso
Peninsula, eastern Japan (Sunamura 1992), the modern
work of coastal protection caused a notable decrease in
the erosion rates. The decrease in cliff erosion also
affected the nearby long sand beach where sand supply
had been from the formerly eroded rocky -coast.
Quantitative evaluation of erosion rates by natural
processes would therefore be necessary to assess the
dynamics, i.e., relationships between erosion and
protection, in both rocky and sandy coasts.

2. Method and results

A small coastal island in the outer Boso Peninsula
named Suzume-Jima Island is an ideal site for the
assessment. This island is located outside of the artificial
coastal protection and natural erosional processes can
still be observed. Here we conducted repeated
morphological measurements of the entire island using
structure-from-motion multi-view stereo (SfM-MVYS)
photogrammetry based on an unmanned aerial system
(Hayakawa et al. 2016). We also carried out terrestrial
laser scanning out for the accuracy assessment.

The high-frequency (2 or 3 times a year) and high-
resolution (at a centimeter scale) measurements of the
small island for 5 years revealed spatially variable
rockfalls and concentrated wave cuts.

= .’ » SO
Figure 1: Study site: Suzume-Jima island. Note that the
island is located outside of protection along the coast.
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3. Discussion and conclusions

The 3-D point cloud data series quantitatively revealed
the volume of lost mass. The short-term modern
measurements are also compared with the long-term
historical 2-D topographic changes in the island by aerial
photographs for 50 years (e.g., Gomez et al. 2015).
According to the results, the erosion rate of the bedrock
cliffs is on the order of decimeters. Although the modern
erosion rate is lower than the previously reported cliff
retreat rates, this suggests that the small island will
disappear in decades. Three-dimensional structural
analysis will also help understand the dynamic processes
of the erosion of the island.
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1. Introduction

A river habitat is affected by hydraulic conditions (water
depth, velocity, discharge and water quality) and
riverbed evolution (bed material conditions and bed
form). Bed evolution from runoff and soil erosion does
not only affect flow conditions, but also render an
impact on the habitat in the alluvial river. The two-
dimension river habitat transition model was developed
combining the alluvial river-movable bed-two
dimensional model (ARMB-2D Model) with the habitat
model of the physical habitat simulation. Tsengwen
River in southern Taiwan is used as an illustrative
example in this study. The hydraulic conditions of
Tsengwen river during the ordinary-flow condition and
the period of flood rising and recession were simulated
by the alluvial river-movable bed-two dimensional
model. The flow conditions and the habitat model can be
combined to calculate the combined suitability factor
(CSF), weighted usable area (WUA), and percent usable
area (PUA) by habitat suitability curve of depth, velocity,
and substrate of the target species. The fish habitat
distribution and transition of the Tsengwen river during
the ordinary-flow condition and the period of flood
rising and recession were simulated the two-dimensional
river habitat transition model.

2. Results and Discussion

The simulation area is from the No.59 cross-section to
the No.73cross-section. The computed cells are squared
with Ax=Ay=25m . The total cells are 11,953 and the

time step (Ar) is 0.05 second. The Manning's roughness
coefficient is 0.035. The river is under ordinary flow for
the most days of a year. Moreover, flooding occurs
several times in a year. The flood flow is completely
different from the ordinary flow and may change in the
river bed. Hence, the ordinary flow (average
annual discharge 44.08 cms, average discharge in dry
periods is 3.38cms, average discharge in rainy periods is
84.57cms) and the flood of 2, 5, 10, 25, 50 and 100
return-period years are selected for simulation cases.
Acrossocheilus paradoxus (Cyprinidae) is the target fish.
Figures 1 and 3 show the distribution of the CSF in the
river for the average annual discharge, average
discharge in dry periods is 3.38cms, average discharge
in both dry and rainy periods, respectively. Table 1 and
Table2 show WUA and PUA for the average discharge
in the dry and rainy periods, and six different return
periods.

3. Conclusions

The simulation results indicate that the WUA
distribution in the main channel under ordinary
discharge. During flood process, WUA were distributed
in the floodplain of the river and WUA in the floodplain

was found to be greater than that in main channel. The
habitat distribution ordinary flow and rainy periods flow
is significantly different. WUA and PUA decrease as the
flood flow discharge increases.

Figure 1: CSF during averagg annual discharge (44.08
cms) for Cyprinidae

Figure 2: CSF during averag‘g discharge in dry periods
(3.38 cms) for Cyprinidae

Figure 3: CSF during averagéwdischarge in rainy periods
(84.57 cms) for Cyprinidae

Tablel WUA and PUA during average annual discharge,
average discharge both in dry rainy periods.

Discharge (cms) 3.38 44.08 84.57
WUA (m?) 234485 280534 267305
PUA(%) 33.35 32.36 27.33

Table 2 WUA and PUA during different return periods.
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Discharge (cms) 2yr Syr 10yr  25yr 50yr  100yr

WUA ( 103 m? ) 638.7 630.9 607.5 608.1 597.7 596.9
PUA(%) 1290 1022 9.25 8.75 8.37 8.18
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1. Introduction

In river engineering, it is important to be able to predict
when and where water levels will rise. At the lower
reaches of the Toyohira River in the City of Sapporo,
Hokkaido, Japan, the water level is higher in sections
affected by the backwater, as shown in Figure 1.
Yoshikawa and Watanabe performed a calculation of
one-dimensional unsteady flow in compound channels
and suggested that the elevated water levels could be a
result of flow resistance associated with dune shapes. In
river sections affected by the backwater, water level rises
caused by the formation of sand waves at reaches above
or below those sections have a dominant influence on
changes in the energy gradient; thus, it is possible that
points in the river that satisfy the conditions for sand wave
formation change in a complex way and that the
longitudinal profile of the water level also undergoes
complex changes. It has not been clarified how the
characteristics of the longitudinal water level profile
relate to the flow resistance associated with dune shapes
in backwater sections. For the purpose of understanding
the relationship between the characteristics of the
longitudinal water level profile and the flow resistance
associated with dune shapes in backwater sections,
hydraulic experiments were conducted and the effects of
sand waves on the kind of water level rises that are
observed at the lower reaches of the Toyohira River were
investigated.

2. Outline of Flume Experiments

The experiments were conducted in an experimental
flume with a length of 34 m and a width of 0.5 m. Two
cases were assumed in the experiments. In both cases,
silica sand with a median diameter of 0.515 mm was used,
and the discharge was 30 L/s. In Case 1, the bed gradient
was 0 and the water level at the downstream end was the
critical depth. In Case 2, the bed gradient was 1/500, and
the water level at the downstream end was the critical
depth.

3. Results

Figure 2 shows the longitudinal profiles of water levels
and riverbed elevations in Case 1. Up to the 10.33-m point,
the water level was the same as the initial water level and
had not risen markedly in the 30 or 60 minutes after the
start of the experiment. The water level had risen in the
section upstream of this 10.33-m point. Sand waves
formed throughout the flume within 30 minutes. In the
section between the downstream end and the 4-m point,
the sand waves disappeared within 60 minutes from the
start of flow. Figure 3 shows the relationship between
dimensionless total shear force and dimensionless
effective shear force as proposed by Kishi and Kuroki
(1973). The data for the first 30 minutes of the experiment
indicate that flow resistance associated with dune shapes
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Figure 1. Water level and bed elevation

Figure 2. Water level and ground level (Case 1)

Figure 3. The t* and t*’ relation (Case 1)

developed at the 10.33-m point but not at the 15-m point.
This suggests that the water level rise at the 10.33-m point
was caused by flow resistance associated with dune
shapes, and that the water level rose at the 15-m point due
to the water level rise at the 10.33-m point.

4. Conclusions

This study was conducted in order to examine the
relationship between the characteristics of the
longitudinal water level profile and the development of
sand waves in backwater sections by addressing drop-
down. The results help us to understand the development
of sand waves in backwater sections and the process of
water level rises at upper reaches which are caused by
sand wave formation.
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1. Introduction

River deltas are one of the environmental ecosystems
most threatened by climate change and increasing
anthropogenic activity. One particularly large and
threatened delta is the Ganges-Brahmaputra-Meghna
Delta (GBMD) on the southern coast of Bangladesh/West
Bengal India. This delta is home to hundreds of millions
of people, hosts the largest continuous mangrove forest in
the world, contains important marine and fluvial
navigation pathways inland, and produces agricultural
resources required for the maintenance of the rest of the
region. Although this delta is very important, because of
its size and complex network of constantly evolving
channels, characterizing channel kinematics across
different scales has been an issue that remains to be
adequately addressed. In this study, we apply a new
method for the automatic extraction of distributary
channel networks, RivaMap, to obtain channel maps for
kinematic analysis of the GBMD from 1989-2017. We
first validate the method by applying it to a set of imagery
of a physical experimental delta basin where the changes
in forcings are explicitly known. We then apply the
method to the imagery of the GBMD to characterize how
different zones of the delta respond to changing forcings
over the time period of observation.

2. Methods
2.1 RivaMap Method
RivaMap is an image processing-based method

consisting of three major components (i) curvilinear
structure detection using a multiscale singularity index,
(i1) channel centerline extraction and delineation, and (iii)
channel width estimation (Isikdogan et.al, 2015;
Isikdogan et.al. 2017). The multiscale singularity index is
a combination of first and second derivatives of the
Gaussian kernel that is applied at different scales to
extract the channel network. It responds strongly to
curvilinear structures and weakly to edges. The outputs
from this method are a non-binary singularity index
response map representing channel locations, a skeleton
of the channel centerline network, and a file containing
data on channel center point location and width.

2.2 Variance Method

Once the singularity index response maps for each image
have been produced, we calculate the variance of each
pixel’s singularity index through time. High variance
values indicate that the pixel has experienced a large
change in channelization. Small variance values indicate
that there has been relatively low change in
channelization. The variance map allows us to identify
hot spots of change.
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In addition to the variance map, to add directionality to
the variance, we conduct a linear regression analysis on
the time series of singularity index response. Positive
slopes indicate that the pixel became more channelized,
negative slopes indicate that the pixel became less
channelized, and slopes near zero indicate that either the
channel experienced no change or that the channel
experienced an oscillatory pattern of change. By
overlaying the linear regression slope map on the
singularity index variance map, we can make inferences
about what morphological changes occurred in the system
(lateral migration, avulsions, bifurcations, widening,
narrowing, etc.) (Jarriel et.al, in revision).

Additionally, we track the migration of channel
centerlines by applying particle image velocimetry (PIV)
techniques to the centerline skeletal network output by
RivaMap. The PIV method tracks centerlines from time
step to time step and produces a vector field of migration
rates that can be interpolated to create a map of the spatial
distribution of the channel migration rates.

3. Conclusions

We find the RivaMap method can accurately extract
channel locations and centerlines from the experimental
delta imagery and that the variance analysis can
distinguish between the different forcings on the
experimental system. When the method is applied to the
GBMD, there is a clear distinction in the variance of the
singularity index response between the anthropogenically
modified region and the Sundarban National Forest. High
values of variance in the anthropogenically modified
region suggest that the embankments are causing
acceleration of morphological change.
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1. Introduction

Atolls are carbonate reef systems found in
subtropical and tropical oceans composed of a reef flat,
motu (also known as reef islands, cays, and islets), and an
inner lagoon (McLean and Kench, 2015) (Fig. 1). They
may be particularly vulnerable to climate change
including increasing ocean temperatures (causing coral
die-off), ocean acidification (decreasing coral resiliency),
and increasing sea level rise (Duvat et al., 2017).
Accelerated rates of sea level rise is expected to increase
significantly, with a global average increase of at least 1
m by 2100. Our goal is to automate the analysis of atolls
morphometrics and apply it globally utilizing open-
source cloud-based geospatial analysis coupled with
freely-available Landsat satellite image

Figure 1. Characteristic atoll morphology.
2. Approach
Certain atolls and motu may be resilient to climate
change (McLean and Kench, 2015). Motu form and
respond to changes in the environment quickly, with motu
formation on the scale of decades to millennia and
evolution of motu on as short as time scale as weeks.

However, we lack comprehensive understanding about
the primary processes driving motu evolution within the
paradigm of rising sea levels, changing sediment supply,
and varying storm and wave climate. We must understand
how motu respond and evolve with changing
environmental forcings on a global scale.
2.1 Methods

Cloud-free temporal Landsat composites are created
and automatically classified into three components: reef
flat, motu, or water using methods developed by Ortiz et
al. (2017). K-means clustering are applied to create a
classified image to separate reef flat, motu, and water
(Fig. 2a-b). The different Landsat bands will used
together to identify each component of the atoll,
automatically thresholding to achieve maximum
separation of populations.

Previous work by Stoddart (1965) compiled a list of
99 atolls and found that there was a wide range of atoll
size and shape, but that they clustered around a mean
shape approximately 1.5-3 times long as they are wide. I
am extending this analysis globally, automating it, and
examining a wider range of motu morphometrics,
including average width of the reef flat in front of the
motu (Fig. 2f).
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Modelled wave climate (from WaveWatch IIT) data
over the time period of each temporal composite will be
collated and reduced to representative offshore wave
conditions for each atoll. I plot wave height squared (as a
proxy for wave energy and proportional to bed shear
stress driving sediment transport and ultimately motu
evolution) vs. motu area and reef-flat width in front of
motu (Ortiz & Ashton, 2019).

b

“km

Figure 2. Landsat 8 satellite imagery of Katiu Atoll,
French Polynesia. a) 2017 temporal composite; b) k-

means classified atoll components; c¢) outlined
components; ¢) Google Earth image; f) reef-flat width

3. Conclusions
This project will determine if wave climate and storms
are the primary driver of motu evolution. Additionally, a
global database of atolls and their morphometrics will be
created and used for further analysis. This will increase
our understanding of processes driving landscape change
on atoll islands (locations highly vulnerable to changing
climate impacts). Moreover, it will provide us with the
tools to analyse globally which drivers of atoll island
evolution dominates.
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1. Introduction

Driftwood motions with wood deposition and jam
formation affect to change the configuration of the water
flows and channel bed in rivers. Therefore, the studies
related to driftwood have been actively conducted to
understand the mechanism of the driftwood dynamics. In
particular, bed morphology by driftwood is one of the
challenging issues in the numerical simulation. This is
because the calculation for the morpho-dynamics with
driftwood requires numerically refined physical
interaction among the sediment transport, the water flow
and the motion of driftwood. Thus, this study conducted
the numerical simulation considering the bed morphology
with large wood and tried to simulate the flume
experiment. An alternating bar is considered as a bed
shape in this study because it is useful to make clear the
comparisons between bed morphology with/without
driftwood and to easily reproduce the channel patterns in
the simulations.

We discussed the experimental results and the simulation
results, and the simulated bed morphology patters as well
as the model limitation were clarified.

2. Experiment and computation

The flume experiment was set as shown in Table 1. We
have two types of flow discharge to generate or not
generate the alternating bar. The threshold the discharge of
generating the alternating bar is 0.0023 m3/s and if flow
discharge increases, the alternating bar is swept away by
larger water flow. We considered several types of
driftwood considering diverse length, diameter, and the
absent/present of root wad. The time interval of wood
supply is 5 sec, and initially, the angle between trunk wise
and stream wise directions is 90 degree to be easily moved
by large projection area to downstream when driftwood is
supplied at the upstream region.

As for the computation, we used the 2D (two-dimensional)
shallow water flow model, called Nays2DH (Shimizu et al.,
2014) of the iRIC software (2019) to simulate the flow
phase. Nay2DH is an Eulerian model to calculate the water

Table 1: Experimental setup

Type Value (approximated)
Channel slope 0.005 m/m
Flow discharge 0.0023 — 0.0046 m’/s
Grain size (ds0) 0.51 mm
Channel width 0.4 m
Channel length 12.14 m
Diameter of driftwood 0.01-0.03 m
Length of driftwood 0.1-03m
Diameter of root wad 0.02-0.05m
Density of driftwood 670 — 700 kg/m?
Interval time of driftwood supply 5-10s
Wave length of alternating bar 3m
Height of alternating bar 0.03 m
Initial angle of driftwood 90 [deg]
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flow on the generalized coordinate. A Lagrangian type
driftwood model, which expresses the driftwood as
connected sphere shape particles, was employed. We
considered root wad effect by using larger diameter for a
particle at a head of driftwood. In addition, an anisotropic
bed friction was considered for the sliding motion dependent
on stemwise, streamwise and motion directions (Kang and
Kimura, 2018). We particularly considered changeable draft
at each particle and projection area by an angle between
stemwise and flow directions to precisely reproduce the
wood motions. DEM (Discrete Element Method) was
employed to reproduce the wood collision. Zero equation
model is used for the turbulence flow. To solve the advection
term in the water flows, we used the third order TVD
MUSCL scheme. The first order forward Euler scheme is
used for the wood motion. For the computational efficiency,
we used the Open Multi-Processing (Open MP) in the solver.
The simulation results were compared with experimental
results to verify the model.

3. Conclusion

We conducted both experiment and computation, then the
results were compared. The experimental results showed
the driftwood deposition patterns by the alternating bars.
The computation could visually reproduce them (Figure
1). However, some of limitations in the computation were
indicated (e.g., jam formation of driftwood), so it should
be refined in a further study.

Water depth (m)

0.0e+00 0.01 Q.03 0.04 005 6.3e-02

0.02

Figure. 1 Example of simulation result at upstream region
(Blue and red trapezoids indicate driftwood with and
without root, respectively.)
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1. Introduction

The evolution of the meandering rivers is controlled
by a mutual interaction among in-channel bed morpho-
dynamics, bank erosion and deposition as well as
channel planform dynamics. In spite of a number of
previous researches, it is still challenging research topic
to understand the morphodynamics of river meandering.
In this study, we perform a sensitivity analysis of the
simulated meandering channel dynamics by using a
numerical model to understand how the model predicts
the coevolution of the in-channel geometry and channel
planform.

2. Method

We use a numerical model proposed by Asahi et al.
(2013) to simulate the morphodynamcis of single-thread
meandering channels. This model consists of a 2D
unsteady shallow water flow model, the bedload-
dominated in-channel morphodynamic model and
channel planform model, which considers the
interactions between outer bank erosion and inner bank
deposition. The model can reasonably simulate the
development of highly-sinuous meandering channel
including the cutoffs.

We perform 30 numerical runs to understand the
characteristics of modelled meandering channel
dynamics. For this sensitivity analysis, we changed the
water discharge, which is constant in time, and initial
channel width for each run, but the grain diameter of 75
mm and initial channel slope of 0.01 are fixed. We
herein focus on relatively short-time scale meandering
development so that the effect of cutoff on the
meandering development is neglected.

3. Results and Conclusions

Figure 1 shows the temporal changes of channel
sinuosity and width-depth ratio simulated in the series of
numerical runs. Figure 1 demonstrates that the channel
sinuosity starts increasing at 8 hours, indicating the
incipient of channel meandering. Within this early stage
of meandering development, the channel width-depth
ratio changes significantly as shown in Figure 1b. In the
later stage, the channel sinuosity keeps varying in time,
however, the channel width-depth ratio asymptotically
approaches to constant value around 20. This result
might indicate that the model can predict an equilibrium
state in term of in-channel geometry of meandering
rivers. In other words, under the given water discharge
and grain size, the model selects their channel width and
depth although the channel sinuosity is highly varied in
time.
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Another important result is that the model simulates
two different types of channel planforms as shown in
figure 2. These two computations were performed under
same computational setting except the initial channel
width. The meandering development shown in figure 2a
indicates that the characteristics of the channel bends
(e.g., wavelength) are likely well-organized in space. On
the other hand, as shown in figure 2b, some combination
of the model parameters generates an irregular pattern of
meandering channel. The results suggest channel that
the planform development is highly sensitive to the
initial condition and selected model parameters, so that
the location of the highly amplified meandering bends
may be unpredictable in the context of deterministic
point of view.

The implication of the results above needs to be
further discussed by performing many computational
runs with a large parameter space.
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Time(hours)
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Figure 1. Temporal change of the a) channel sinuosity
and b) width-depth ratio in the series of numerical runs.
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Figure 2. Two examples of the channel planform
development.
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1. Introduction

Cut off the sediment supply to rivers downstream of dams
may cause not only the channel degradation and bed-
surface armoring but also the channel immobilization.
Therefore, many works have been conducted in order to
make restoration of such rivers. Since the existence of
fine sediment (i.e. sand) in streambeds composed of
coarse sediment (i.e. gravel) causes the reduction of the
friction angle of coarse sediment (e.g. Miwa and Parker,
2017), fine sediment supply to the gravel bed may cause
channel evolution through the gravel mobilization. In this
study, we investigate the effects of sand supply to the
armored gravel bed associated with sand-covering on
gravel mobilization and channel formation.

2. Experimental setup and Procedures
Experiments were conducted in a straight open channel
with a length of 16 m and a width of 0.5 m. Three kinds
of uniform sediments, Gravel A of grain size d; = 7.1 mm,
Sand A of ds = 1.4 mm and Sand B of ds =0.52 mm, and
the mixture which was made from Gravel A and Sand B
were used for the experiment. The ratio of Sand B to
Gravel A in the mixture was regulated so as to be 4:1. A
box was used as a mobile-bed area with a length of L =
1.8 m and a width of B = 0.5 m. The upstream and
downstream sides of the box was provided with a fixed
bed of the Gravel A. The mobile-bed area was an armored
bed which was made by supplying a low-flow rate
without sediment feeding to the mobile bed composed of
the mixture. The longitudinal right half of the mobile-bed
area was covered with Sand A before commencing
experiment. Five kinds of the thicknesses of the cover
layer was provided. The amounts of Gravel A and Sand
B which moved from their original positions were
measured sequentially during the experiment. The bed
surface elevations were measured in a prescribed timing.
In order to clarify the effects of the sand-covering and
subsurface sediment on the gravel mobilization and
channel formation, the experiments without the sand-
covering and/or without Sand B as subsurface sediment
(only Gravel A) were also conducted.

3. Experimental results and discussions

Figure 1 shows the masses in grams of Gravel A and Sand
B removed from the mobile-bed area under the condition
of flow rate O = 0.03 m’®s™!. The mass of Gravel A that
was removed in the experiment for which Sand A was
supplied as a sand-covering (Case 2 and Case 3) was
considerably larger than that for the experiment without
sand-covering (Case 1). Moreover, the mass of Gravel A
in the experiment with armored bed (Case 3) was the
largest among the three experiments. This may be caused
by the low friction angle of Gravel A engendered by the
exposure of Sand B, which was originally in the
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Figure 1: Masses of gravel and sand froﬁl mobile-bed.

(a) Didy = 0~0.3 (b) D/d,=0.66~1.31
Figure 2: Transverse profiles in the end of experiments.

subsurface layer, to the flow after removing gravel from
the subsurface layer.

Figure 2 shows the transverse profiles in the end of the
experiments with sand-covering to the armored bed (Case
3). The index of D/d; means the ratio of the sand-covering
thickness to the gravel size. The streambed erosion can be
identified for all experiments. In particular, the bed
erosion area is extended to the area without sand-covering
in case of D/d is over approximately 0.6. This means that
the sand-covering to the armored bed may cause channel
formation through the gravel mobilization.

4. Conclusions

1. Gravel in streams with armored beds can be relatively
easily mobilized by supplying sand as a sand-covering.
The fraction of sand in the subsurface layer in the bed can
also play a role in the reduction of the fraction angle of
gravel.

2. The amount of gravel run-off increases with increasing
the thickness of the sand-covering layer, whereas the
efficiency of the sand-cover decreases when the height of
surface of sand-cover exceeds the height of gravel bed
surface.

3. Sand supply to the armored beds can produce the bed
variation and channel formation through the gravel
mobilization. In particular, the bed variation area is
extended to the area without sand-covering in case of the
value of D/dg is over approximately 0.6
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1. Introduction Wherein, the two different dredging schemes of the
The Wangjiaba-Linhuaigang River Reach (Wang-Lin north diversion channel refer to the dredging of flood
Reach) of the Huaihe River has a length of 111 km. diversion channel, namely the Menghe River (See Fig.
Along this river reach, several large branch rivers join 1).
the Huaihe River. Some large flood detention zones are The cross section at Wangjiaba is the boundary between
located along this river reach. As a consequence, it is the upper reach and middle reach of the Huaihe River.
one of the most important and complicated river reaches The Wang-Lin reach is located in the transition zone
of the Huaihe River. Since the main channel of the from the upstream mountainous region to the Huaihe
Wang-Lin reach is narrow, its discharge capacity during plain. Due to the obvious decrease in slope of the
flooding season does not meet the requirement. The riverbed, flow velocity in the Wang-Lin reach decreases
modification of this river reach has been carried out by clearly. Additionally, a secondary channel of the Huaihe
dredging the main channel to increase the discharge River appears along the river reach. Thus, this river
capacity. Table 1 lists the existing methodologies for reach is the main sediment deposition zone of the
flood management (Yu and Yang, 2013; Chen et al., Huaihe River. Under this specific condition, there are
2017). two questions: Whether the main channel lead to serious
Tablel Dredging Schemes siltation after dredging process? Will this cause the
Scheme current main stream to shrink and even cause the
Name Dredging Line Dredging Volumn (10'n) unfavorable translocation between main and diversion
A North diversion channel 1901 channels? Obviously, it is necessary to study the impact
B North diversion channel 5000 of modification scheme on the stability of riverbed, flow
c South main channel 3000 discharge and water level in the main channel of the

Huaihe River.

N

Kiops,
e Rire, !
Nanzhaoy
Snuhclin:x e
! ) : AR Rumleji

NE Wangjk oo
— X
’ Lnhuaigang
Wangjiaba 2
<
&
s = =
o :
0o =
Legend o
Stem of Huaihe River
—— Tributary River R
| Flood Detention Area r\’)
Y Hvdrological Station
ssamse North line Scheme
) o 0 5 10 20 30 40
ssmmse South Line Schewe Kilometers

Fig. 1. River regime and modification schemes of the Wang-Lin reach of the Huaihe River
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2. Research methods

2.1 Mathematical Model

Based on the theory of non-equilibrium transport of non-
uniform suspended sediment proposed by Han (2013),
the 1D water and sediment mathematical model has
been developed to simulate sediment transport and flow
along the Wang-Lin river reach including the flood
detention zones and branch rivers. Following aspects
have been considered on this model: 1) the input of
water and sediment from tributaries, 2) the diversion
radios for both flow and sediment at the Wangjiaba
cross-section, 3) the operation of flood detention zones,
and 4) the operation of the Linhuaigang gate. This
model has been verified by the measured data of flow
and sediment from 1999 to 2008.

2.2 Quantitative Analysis

The work selected the data series representing the
typical characteriscs of the recent changes in water and
sediment along this river reach. The verified water and
sediment model was used to determine the river
discharge capacity and the riverbed deformation
(erosion and deposition) patterns under the un-modified
condition. Besides, we demonstrated the impacts of
those three modification schemes on the improvement of
discharge capacity and the changes in riverbed and
water level in the next 30 years. Afterward, the preferred
scheme for the modification of the Wang-Lin river reach
was proposed.

3. Results
Table 2 shows the river deposition-erosion amount of
un-modified situation and three dredging schemes in the
next 30 years.

Table2 River deposition-erosion amount(10*m?®)

Reach Name ur.1- Scheme
modified A B C

Wangjiba-Sanhejian 162 289 557 179
Sanhejian-Nanzhaoji 258 245 195 236
Menghe river 374 485 646 309
Nanzhaoji-runheji 197 174 13 309
Runheji-Wangji -15 76 42 103
Wangji-Linhuaigang 477 260 206 296
Wangjiba-Linhuaigang 1453 1529 1658 1432

Under the un-modified situation and schemes, sediment
deposition process continues along the Wang-Lin reach.
The deposition speed is slow due to the low sediment
concentration of the Huaihe River. It can be seen from
table 2 that the average deposition volume ranges from
48x10* m® to 55x10* m®. The largest is the dredging
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scheme B, followed by dredging scheme A, and the
smallest is dredging scheme C and un-modified.
Calculation results indicate that more deposition occurs
downstream of the Nanzhaoji station if the Wang-Lin
river reach is kept un-modified or conducted with
dredging scheme C. After the implementation of those
two schemes of dredging process of north diversion
channel(Schemes A and B), sediment is mainly deposited
in the branch sections upstream of the Nanzhaoji station.
Wherein, with the large amount of dredging scheme of
north diversion channel, the deposition volume of
sediment in the main channel of the Huaihe River is
large. This may cause the risk that the mainstream of the
Huaihe River gets shrinked.

Once the channel is modified with north line or south line
dredging scheme, the erosion-and-deposition adjustment
process will start. After 30 years, there will be no
significant change in the discharge capacity of the
channel. However, with the large amount of dredging
scheme of north diversion channel, the water level of
along the Wang-Lin reach will be uplifted, which is not
beneficial to flood control.

4. Conclusions

The results showed that all three schemes for modifying
the Wang-Lin river reach can significantly improve the
discharge capability. However the dredging scheme C
has a good effect on reducing channel’s deposition and
stabilizing the river regime. Based on the above
analysis, the dredging scheme of south channel is the
optimal choice.

Acknowledgments

The work was supported by the National Key Research
and Development Program of China (Grant No.:
2017YFC0405602), and the Special Funds Under the
Leadership of the Central Government of China -
Science and Technology Projects for Benefiting the
General Public (Grant No.: 2016080802D118).

References

Yu, Y.Q. and Yang, X.M.(2013). Regulation project of
Wangjiaba-Linhuaigang reach of the Huaihe River.
Water Resources Planning and Design, 2013(11), pp.
62-65.

Chen, X.P., et al.(2017). Suggestion for regulation of
Wangjiaba-Wangjieliu reach of the Huaihe River.
Jianghuai water resources Sciences and Technology,
2017(3), pp.13-14.

Han, Q.W. (2013). Non-equilibrium transport of non-
uniform suspended load, Science Press, pp.136-170,
Beijing, China.



Study on Riverbed Variation Management by Groin

at the Confluence of Kakogawa and Mino River

Junta Nishio', Yoshihiro Okamoto', Keiichi Kanda?, and Fuminori Nakamura’

!'National Institute of Technology, Akashi College, Advanced Course of Architecture and Civil Engineering, Hyogo,
Japan. ac1808(@s,akashi.ac.jp
2 National Institute of Technology, Akashi College, Civil Engineering, Hyogo, Japan. acl1705@s.akashi.ac.jp
3 Nagaoka University of Technology, Department of Civil and Environmental Engineering, Niigata, Japan.
fnakamura@nagaokaut.ac.jp

1. Introduction

The Kakogawa River flows through Hyogo Prefecture in
Japan. At the confluence of Kakogawa and Mino River,
due to the meander in the river upstream, barrage water
from the large barrage on the Kakogawa River
(Kakogawa Barrage) and the Mino River tributary, has
promoted the development of the sandbars on the right
bank. The sandbars, which have enlarged and become
fixed, currently deflect the passage of water back to the
left bank and have decreased the usable water surface
area. To wash away the sandbars, the groin was installed
at the left bank in 2015. The purpose of this study was to
survey the river topography near the Mino River
confluence and identify the factors responsible for
sandbar development by using model experiments.

2. Method of the model experiment

Figure 2 shows the model experimental channel of this
study. The channel is rectangular, and it reproduces the
river channel of the site by a scale of 1/250. The slope of
the channel is set as 1/850 and this is similar to the site.
The water surface is controlled by the movable barrage of
the rise and fall system that was installed the downstream
of the main channel. For the upstream conditions, a board
with a width of 0.2m is installed at the right bank of the
main channel to reproduce the influence of the meander.
For the riverbed material, we use the coal powder, which
density psis 1.47(g/cm®) and average particle diameter is
0.9mm.

The conditions are shown in Table 1. Casel targets the
flood flow rate and Case2 targets the normal flow rate in
the site. Furthermore, we install the groin at right angle to
the flow direction before the confluence at the left bank
of the main channel(X=2.35m). And the height of the
barrage is Ocm. The experiment time is 1 hour. This time
is conditioned by the time it takes for the riverbed
variation to reach an equilibrium state in the preliminary

experiment.
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Table 1 Conditions
The rate of Main Flow | The Rate of Tributary Flow
Qu(ls) Qr(Vs)
3.0 1.0
0.8 0.27

The Target
Flow Rate
flood
normal

Time

T(h) Groin

No.

Yes
Yes

Casel
Case2

1.0

3. Results and considerations
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Figure 2 Riverbed Variation

Figure 2 shows the results of riverbed variation. In Casel,
riverbed degradation occurs near the right bank after the
confluence because the flow is deflected in the right bank
by the groin. Because the flow is sharply deflected by the
groin, deep scouring occurs in front of the groin, and the
deposition occurs behind the groin, preventing the flow
of the tributary.

In comparison with Casel and Case2, the amount of
riverbed variation decrease. And the tendency near the
right bank is similar. But deep scouring in front of the
groin is not observed; however, the deposition occurs
there.
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1. Introduction

Marine Hydrokinetic (MHK) devices provide an
opportunity to expand renewable energy by harnessing
waves and currents power and converting it to
electricity. However, most MHK devices are in the
developmental stage requiring research to understand
their impacts on the environment, including the abiotic
processes such as the wave field and sediment transport.
We need to know whether these devices will be buried
or excavated over time and the impact of the MHK
devices on the hydrodynamics (the wave and current)
and morphodynamics (the ocean floor evolution) to
minimize operational costs. In this study, we use SNL-
SWAN model (Chang et al., 2016) to investigate the
wave field response to various MHK devices and then
couple the MHK module from the SNL-SWAN model
into Delft3D to obtain MHK impact on wave, flow, and
sediment conditions driving long-term morphologic
evolution.

The challenge for MHK devices is accurately
modelling the response of the marine environment to the
placement of these MHKSs. Addressing this challenge
requires the following considerations: (i) the MHK
device extracting energy from the system as an energy
sink, (ii) spinning turbines acting as a local energy
source (Neill et al., 2009; Chen and Lam, 2014), (iii)
effects of the sediment transport (due to waves, currents,
and tides) such as scour or burial, and (iv) dynamically
coupling all of these feedbacks within the system.
Previous work has focused primarily on the response of
the wave field around MHK devices as energy sinks, in
particular, the SNL-SWAN model created by Sandia
National Lab simulates the impact of wave energy
converters (WECs) on the wave (hydrodynamics) field
(Chang et al., 2016). However, it is necessary to
understand the long-term impact of these devices on not
just the wave field but also the sediment field and
subsequent morphologic evolution of the coastal system.

2. Approach

Our overall goal is to develop a dynamically coupled
model for the response and impact of the MHK device
under waves, currents, tides, sediment transport, and
energy production by the MHK structure. The specific
objectives are: (i) simulate the wave field response to
various MHK devices using the SNL-SWAN model, (ii)
couple the WEC module from the SNL-SWAN model
into Delft3D, (iii) simulate MHKs as both a source and
sink of energy within Delft3D, and (iv) dynamically
couple MHK impact on wave, flow, and sediment
conditions driving long-term morphologic evolution.
2.1 Methods

Utilizing the Sandia National Lab (SNL) SWAN model
(Chang et al., 2016), we investigated the various
methods that MHKS can withdraw energy from the
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wave model (dependent on wave frequency, wave
height, etc). We then implemented a simple analyses
within Delft3D to investigate the morphodynamic
impact of wave energy converters on sediment transport
dependlng on how the MHKS are represented (Fig. 1).
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Figure 1. Comparison of different methods for
representing MHK devices in Delft3D: method A —
MHK only represented as bathymetric lump in Delft3D,
method B — MHK only represented as obstacle in waves
(no bathymetric change), and method C - MHK
represented both as bathymetric lump in Delft3D flow
and as obstacle in waves. Investigating the impact of
MHK arrays on the wave height (column 1), bed shear
stress (column 2), and cumulative bed level change
(column 3) relative to the control (percent change).

3. Conclusions

We find that using the thin-dam obstacle inbuilt into the
SWAN module of Delft3D seems to represent the wave
climate and subsequent sediment transport reasonably.
Moreover, it is important to also represent the devices
physically within our model (method C) versus purely
within SWAN (method B). We find significant near-
field impacts on wave height and deposition under our
large storm event (deposition exceeding several meters
on the MHK devices over a storm) (Fig. 1).
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1. Introduction

During floods, seedlings endure three stresses: (i) drag
force exerted on the stem induced by flowing water (Type
I of Edmaier et al. 2011), (ii) substrate erosion combined
with the drag force exerted on the plant (Type II), and (iii)
burial. Several experimental studies highlighted the local
disturbances exerted on plants (e.g., drag force exerted by
the flow) and their ability to withstand these disturbances
(Edmaier et al. 2011). Mechanistic studies integrating the
complexity of sediment dynamics at the scale of the bar
unit in natural rivers remain rare and local sedimentary
processes involved in seedling mortality are poorly
understood (Wintenberger et al., 2019).

Because of their relative stability in river channels, we
assume that non-migrating bars of sandy-gravel bed
rivers provide better conditions for recruitment and
survival of woody pioneer trees (e.g., Populus nigra) in
comparison with free migrating bars. This study relates
survival patterns of Populus nigra seedlings to bar
dynamics across flood phases on a non-migrating (forced)
bar of the Loire River located near Orleans (France).

2. Methods

Sediment dynamics was assessed from bathymetrical,
topographical, flow velocity (aDcp), scour chains, and
sediment grain size surveys carried out on the same bar
unit and related to seedling survival (see Wintenberger et
al., 2019 for details).

Bathymetric and flow velocity surveys were conducted
during two floods, that occurred after recruitment of P.
nigra seedlings in November 2013 and January 2014.
Surveys were done using a monobeam echo-sounder
coupled with a Differential Global Positioning System
(DGPS). Topography was surveyed at low flows using a
Terrestrial Laser Scanner (TLS). Active sediment layer
during floods was measured using scour chains and
sieving was performed to analyze sediment grain size. At
the end of the growing season of years 2013 and 2014 the
density of P. nigra seedlings was measured at 48 plots
georeferenced using a DGPS. Results were analysed
using the Hill Smith analysis.

3. Results and discussion

Morphodynamical analysis of the bar highlighted
contrasted sediment mobility according to the location on
the bar. Namely a fixed area (presence of armor layers
[D506.10-3 m]) and a spreading area (mixture of sands
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and gravels [2.10-3 m <D50< 6.10-3 m]) were identified
(Wintenberger et al., 2015). Statistical analyses suggest
that sediment texture and elevation influence initial
seedling densities (high densities for higher elevation and
finer sediment grain size). On the bar studied more than
90% of the seedlings present before the floods died.
Stresses of Type I, II and III were responsible for 0.1%,
28% and 13.6% respectively. Finally, combination of
Types II and III led to 50.6% of the mortality observed.
This combination was the dominant parameter
influencing seedling mortality at the bar scale but at
different levels according to the area considered (15.9%
on the fixed area vs. 34.7% on the spreading area). This
combination complicates the determination of survival
thresholds. The results suggests that seedlings tend to
survive on more plots and at higher (survival) rates in the
fixed area than in the spreading area.

4. Conclusions

The study highlights (i) the influence of flood succession
and flood stages on seedling survival after establishment,
(i1) the spatial distribution of fluvial processes at the bar
scale and their relative contribution to seedling mortality,
(iii) threshold values for each process. The relative
contribution of each process depends on the combination
and phasing of erosion and deposition processes,
sediment supply (quantity and grain size), and flow
velocity governed by hydrological variations. Based on
the results of this study we hypothesize that the survival
of seedlings during floods may be a function of local
processes involved in bar dynamics.
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1. Introduction

Deltas are the most populous areas and are among the
most productive ecosystems on the planet. Despite their
importance for human society and coastal ecosystems, the
world’s deltas are “sinking” to the ocean partly due to
substantial decrease of sediment supply (Syvitski et al.,
2009). Hydrological alteration induced by dam regulation
has been recognized as one of the key factors affecting
deltaic morphodynamics.

In this study, a comparative study on two wave-
influenced deltas, namely, the Yellow River Delta in
China and the Volta River Delta in Ghana, was conducted
to illustrate the effects of dam regulations on delta
morphological evolution. The implications of the results
for the prediction of delta evolution under increasing
human-induced hydrological alteration worldwide are
also discussed.

2. Methodology

2.1 Study area

The Yellow River Delta is located at the coast of the
Bohai Sea (Figure 1a), covering an area of 5,375 km?. The
Volta River Delta is located at the interface between the
Volta River and the Atlantic Ocean (Figure 1b), covering
a total area of approximately 5,000 km?. Both deltas are
classified as wave-dominated delta according
Galloway’s diagram.

to

Figure 1. Remote sensing images of: (a) the Yellow
River Delta and (b) the Volta River Delta.

Both rivers are subjected to significant dam regulations.
The sediment flux to ocean for the Yellow River and
Volta River were 1.3 and 2.6 Gt/a, respectively, before
dam construction. Since the construction of the
Xiaolangdi reservoir in 2002 in the Yellow River and the
Akosombo reservoir in 1964 in the Volta River, the
sediment supply to the two deltas has decreased
substantially by 90%. As a result, both deltas have
experienced severe coastal erosion.
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2.2 Data analyses

The inter- and intra-annual alterations of the river
discharge and sediment load were analysed and compared
between pre- and post-dam periods. Mann-Kendall trend
analyses were performed to reveal the impacts of dam
regulations on hydrological alterations. Following Li et
al. (2011), nonuniformity coefficient, Cy and regulated
coefficient, C, were adopted to quantify the intra-annual
variations of the river discharge and sediment load.
Deltaic morphological characteristics including delta area
and plan shape were extracted from remote sensing
images and historical maps. The skewness quantifying
the asymmetry of the delta following Wright and
Coleman (1973) was adopted to assess the evolution of
the delta plan shape. Finally, the relationship between
river discharge (sediment load) and deltaic morphological
characteristics were analysed.

3. Conclusions

Both nonuniformity coefficient, C, and regulated
coefficient, C, decreased significantly with the dam
construction in the two rivers. The annual sediment load
to the deltas also decreased substantially after the dam
construction. The decrease of sediment load resulted in
erosion of both deltas and affected the plan shape of the
deltas significantly.
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1. Introduction and Methods

Scientists and managers of the coastal zone need to know
the coastal bathymetry to understand the behaviour of the
beaches and be able to predict their evolution. Intensive
monitoring programs through campaigns of direct mea-
surements of the bathymetry are excessively expensive,
so that in the last decades alternative methodologies have
been developed. Many of them are based on video mon-
itoring stations, and among the different existing algo-
rithms, cBathy (Holman et al., 2013) is the algorithm that
achieves the best results.

In a first step, cBathy gets the dominant frequencies and
their corresponding wave numbers from the Cross Spec-
tral Matrices (CSMs) of a given set of frequency bands.
An estimation of the local water depth is then obtained
from the dispersion equation. In the second step, the esti-
mated bathymetries obtained for each video are smoothed
through a Kalman filter to obtain the final hourly esti-
mates. This algorithm, which has been used in a number
of studies (e.g., Bergsma et al., 2016; Rutten et al., 2017)
to obtain 2-D bathymetries, presents however some limi-
tations and/or known problems that have been reported in
the literature (Rutten et al., 2017).

The work being presented here is an alternative to the first
step of cBathy. It consists of performing a Principal Com-
ponent Analysis (PCA) to the matrix made of pixel inten-
sities from a series of snaps. The result of the PCA is
the decomposition of the video into a set of modes asso-
ciated with the components of the wave field. The spatial
part (the Empirical Orthogonal Function, EOF), is associ-
ated with the spatial phase of the wave from which a wave
number can be derived. The amplitude of the mode (Prin-
cipal Component, PC) is associated with the frequency of
the wave component. To facilitate the decomposition of
the videos in modes of travelling waves, a Hilbert trans-
formation in time of the matrix of intensities has been car-
ried out.

The objective of this work is to apply the PCA of video
images to obtain beach bathymetries. To this end, videos
from different camera/field sites have been used and the
bathymetry derived from videos has been compared with
direct measurements. It has been studied the influence
on the results of: the image lighting, the camera position,
wave characteristics and study area size.

2. Results

The proposed methodology is applied to video images ob-
tained at Castelldefels and Barcelona beaches (Spain), in
the NW Mediterranean (coo.icm.csic.es). These beaches,
open and embayed respectively, are exposed to relatively
small dominant periods, in the order of 6s. The video
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snaps are first projected into a horizontal plane (plan-
views) prior to apply the PCA. Further, it is analysed how
the subdivision of the spatio-temporal domain influences
the quality of the retrieved bathymetry.

For illustrative purposes, Figure 1 shows the bathymetry
estimated for Castelldefels beach using the proposed al-
gorithm.
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Figure 1. Bathymetry obtained from Castelldefels
station. The shoreline is above. It is observed a bar at

~ —50 in the vertical axis. All the units are meters.

3. Conclusions

The implementation of a simple and promising method-
ology for bathymetry inversion from video images is pre-
sented, and the results are satisfactorily compared to field
data.
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1. Introduction

The frequency and magnitude of extreme events in
Taiwan have soared over the years (Chen and Tfwala,
2018). These have seen accelerated rates of landslide
formation, debris flow and channel bed erosion. In the
wake of such natural disasters, engineering measures
such as the installation of check dams have increased.
Despite their wide adoption, most have become inactive
as they are rapidly filled up by accumulating sediments

Figure 1. Concrete check dam filled with sediments

This study applies a full 2D shallow water equation model
resulting from the vertical integration of the Navier-
Stokes equation and the 2D Exner equation,
RiverFlow2D QGIS (GPU) by Hydronia to evaluate the
channel morphological impacts of modifying the check
dam shown in Figure 1 and 2. Upstream there was a single
adjustable column while downstream there were 3.
Triangular-cell flexible-mesh is applied in this model, in
our case adopting 0.2 m cell size for the channel, with a
much finer cell size where the check dam was located.
Time step was dynamically computed. The bed load
formula proposed by Ashida and Michiue (1972) was
used to compute sediment transport rates. The check
dams are fitted with blocks, 0.5 high x 3.4 wide. The
studied river is Dongmen river, spanning 17.6 km with a
catchment area of 68.6 hectares. The river is located in
southern Taiwan and receives on average 2500 mm per
annum.

Figure 2. Adjustable blocks fitted in thé concrete dam
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2. Results and discussion
Three simulation cases were conducted; one without any
adjustments, with two blocks (1 m, vertically) removed
and finally four blocks. An example of velocity
distribution for the two blocks removed is shown in
Figure 3. For illustrative purposes, the elevation changes
of the unmodified check dam and two blocks removed is
shown in Figure 4. The results suggest that RiverFlow2D
may be applied to optimize the efficiency of check dams,
within a short period of time. Block removal enhanced
sediment transfer downstream.
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Figure 3. Velocity distribution in the simulated reach
together with sampled longitudinal profiles. The arrow
represents flow direction
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Figure 4. Longitudinal changes at upstream profile

3. Conclusions

The high-performance GPU algorithms in Riverflow2D
supports engineers and river engineering works through
better informed engineering decisions. From this study,
optimum adjustments while obtaining results quicker is
illustrated
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1. Introduction

Particle travel distances in Gravel-Bed Rivers (GBR) is a
very relevant topic for many scientific and applied issues,
which include river habitat, channel design and river
restoration. For example, the estimation of travel lengths
provides interesting clues for the smart design and/or
implementation of the increasingly common dam
removal and gravel augmentation operations. Fluvial
geomorphologists have traditionally explored this
question using the particle tracking method. However,
due to the strong scatter in the available tracer data
(Hassan and Bradley, 2017; Vazquez-Tarrio et al., 2019),
the development of predictive tools remained elusive.
The present research focus on the analyses of tracer data
with the aim to examine the links between particle travel
length, flow strength and riverbed characteristics, and
advance in the prediction of travel lengths in GBR.

2. Methods
The event-based bed load transport volumes (QOs) can be
estimated from the active layer dimensions and the mean
travel distance of bed sediments (L):
Qs=L-Wa-h-(1-p) (1)
where W, is the mean active channel width, % is the
average depth of the active layer and p is the fractional
porosity of channel sediment. Os could be computed from
the average bed load rate of the transport event (gs) times
the time-duration of the competent flow (7):
Qs=¢qs-t 2)
Meanwhile, bed load rates can be formulated as a power
function of the transport stage ratio (t"/t"c). On the other
hand, we could postulate that active channel width scales
with channel dimensions and total channel width (W7),
where the depth of the active layer does so with the grain-
size (D) of the streambed surface (at a given hydraulic
conditions). Based on all this, and eqs. 1 and 2, we
hypothesized:

* y
L=A-WT_“-D_B-(T7) .th (3)

Tc

This expression relates travel lengths to channel width,
surface grain size, flow strength and competent flow
duration. We used multiple regression analysis in order to
test this approach with a data set of tracer observations
from fourteen study reaches compiled from the literature.
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3. Results
Expression 3 explains the available tracer data in a strong
and statistically significant way (Figure 1).
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Figure 1: Results from the multiple regression analysis.

Additionally, we observed differences on model
performance according to channel morphology (i.e. step-
pool, riffle-pool). This may reflect the existence of
morphological influences on gravel displacements.

4. Conclusions

Using a large data set of published tracer data, we
observed that particle travel lengths are strongly and
significantly correlated to channel width, surface grain
size, Shields stress and competent flow duration. This
approach provides a useful tool for investigating and
predicting the distances of gravel movement in relation to
several physical and morphological controls.
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1. Introduction

The Huaihe River originates from the Tongbo Mountain
in Henan Province, which has a drainage area of
1.87x10°km?. This river has a main channel length of
1000 km and flows from west to east through Henan,
Anhui and Jiangsu provinces. After regulated by the
Hongze Lake, the Huaihe River joins the Yangtze river
at the Sanjiangying Cross Section (CS). Based on
channel characteristics, the Huaihe River can be divided
into three sections: the upper river reach upstream from
the Honghekou Station, the middle reach from the
Honghekou Station to the Hongze Lake, and the lower
river reach from the Hongze Lake to the Sanjingying
CS. Since both the middle reach and lower reach of the
Huaihe River flows in the plain region with rich
precipitation, this river is notoriously vulnerable to
flooding, expecially along the river reach from Wujiadu
CS to Hongshantou CS. Thus, to regulate flow in the
Huaihe River and prevent the Huaihe River from
flooding, it is very important to investigate the
geomorphological process along the river reach from
Wuyjiadu CS to Hongshantou CS.

The river reach from Wujiadu CS to Hongshantou CS
(W-H Reach) belongs to the Middle Reach of the
Huaihe River (MRHR). The main channel length of the
W-H reach is 145 km, the drainage area of the Huaihe
River at the Hongshantou CS is 1.38x10°km?. The river
bed of this river reach to the Hongze Lake has a negative
slope. Based on the geomorphological features of the W-
H reach, this river reach can be divided into following
sections: a quasi-straight section, a bend section, and a
braided section (Qian, 1987).

In this paper, several parameters are used to assess the
geomorphology of the W-H reach. Statistical analyses
are performed to establish relationship between the span
length “L” and the bankfull channel width “B” for
different channel patterns. The relationship between the
length of the meandering channel “S” and the bankfull
channel width “B” has also been derived. Results
indicate that the bankfull channel width “B”, the
bankfull cross sectional area “A” and the average flow
depth “H” are mainly dependent on the dominant
discharge “Q” in the channel. The relationship has been
established to describe the dependency of the curvature
radius “R” on the dominant discharge “Q”, water surface
slope “J” and the turning angle “« ”. Finally, the river
geometry coefficient “¢” is calculated.

2 Methods

According to YU (2005,2008), following variables are
normally used to describe the channel morphology,
bankfull channel width (B), span length (L), meandering
length of a channel (S), and the turning angle of river
bend (a), as showed in Figure 1.

(a) A single channel (b) A braided channel
Figure 1: Variables describing channel geomorphology

According to Xie (1997), a single channel is referred to
a asquasi-straight channel if following criteria are met:

L>60

B (1)

K=-<1.15
> <

where K is the bend coefficient, and is used to describe
the sinuosity of a channel.

3 Results and Discussion

Both geomorphological data and Hydro-geometric data
have been collected from some key gaging stations
along this W-H reach, and used to assess the
geomorphological process of the W-H reach, as
presented in Tables 1 to 2.

Table 1 Geometric parameters of bend sub-sections of
the W-H reach

Sub-sections
of the W-H L/B S/B K
Reach
Quasi-straight Range 6.0 ~20.4 6.1 ~20.8 1.01 ~ 1.09
sub-section Average 9 93 103
Bend sub- Range 4.1~9.6 48~11.2 1.15~1.27
section Average 6.8 8.1 1.19
Braided sub- Range 29~42 3.0~49 1.02 ~ 1.15
section Average 36 4 1.09
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2

Table 2 Curvature radius “R” and the turning angle “«
of the W-H reach

R (m) R/S a ()
Range 1270 ~ 5380 0.47 ~1.37 38~119
Average 2852 0.72 83

3.1 Hydro-geometric features of the Wujiadu-CS and
the Xiaoliuxiang-CS

For natural rivers, there are the following relationships
between hydro-geometric parameters and discharge.

B = a,QF1
H = a’ZQBZ
U= aSQB3 (2)
A= a,QP

where, H is average water depth, U is flow velocity, 4 is
bankfull cross section area and @ is discharge.
Coefficeints a,, @5, a3, A4, f1, B2, B3, B2 are determined



based on data collected from these two stations during a
period from 1950 to 2007, and in Tables 3.

Table 3 The coefficient of Hydraulic geometry of
Wujiadu-CS and Xiaoliuxiang-CS

Sub-sections a, a, a; a,
Wuyjiadu-CS
(before removing the dike) 140.21 | 1.592 | 0.0045 | 223.33
Wuyjiadu-CS
(after removing the dike) 120.31 | 8.812 | 0.0009 | 1060.2
Xiaoliuxiang-CS 315.76 | 3.086 | 0.001 | 974.59
Sub-sections By B, B Ba
Wuyjiadu-CS
(before removing the dike) 0.144 0.174 | 0.682 0.318
Wuyjiadu-CS 0.016
(after removing the dike) 0.155 5 0.828 0.171
Xiaoliuxiang-CS 0.056 0.09 0.854 | 0.146

Results show that the bankfull cross sectional area “A”
along the section from Wujiadu-CS to Xiaoliuxiang-CS
is smaller, the anti-scourability of riverbed and
riverbank is stronger, normal and erosion is slow.

3.2 Relationship between hydro-geometric
parameters and dominant discharge of the W-H
reach

Sediment transport is an important process of channel
morphology. Conceptually, the channel hydro-geometric
parameters affect the dominant discharge of the channel
- also called “channel-forming discharge” (Qs) which
has a magnitude of the 1-2 year flood. In the mean time,
the dominant discharge of the channel results in the
changes of channel hydro-geometric parameters. Yu et
al (2010) developed a method to determine the dominant
discharges of this river reach. Based on results of Yu et
al (2010), following relationships have been established
to assess the dependency of the hydro-geometric
parameters on the dominant discharge.

A=0670Q,"" r=0.97 3)
B = 1.48Q,°7" r=0.94 4)
H =0.46Q,°° r=0.98 5)
R =82.27Q,%%]°%a"231 =095 (6)

where, R is curvature radius of bend sub-sections, J is
the hydraulic slop, a is turning angle of river bend, Qu is
dominant discharge.

Results show that there exists obvious relationships
between the channel dominant discharge and all hydro-
geometric parameters. One can see from the
relationship, the larger the dominant discharge and the
larger the hydraulic slope, the larger the curvature
radius. However, the larger the turning angle of the bend
channel, the less the curvature radius.

It is also found that the river geometry coefficient ({)
does not change mauch, namely,

(=" =27~30 7)
The features of the W-H reach which is characterized as

a narrow and deep section have been proved by the
calculated results.

4. Conclusions
Using data of discharge and hydro-geometric parameters
collected along the the the W-H river reach and some
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key gaging stations of the Huaihe River, the hydro-
geometric parameters of this river reach has been
systematically analysed. Results show that there exists
obvious relationships between the channel dominant
discharge and all hydro-geometric parameters. The
larger the dominant discharge and the larger the
hydraulic slope, the larger the curvature radius.
However, the larger the turning angle of the bend
channel, the less the curvature radius. Findings from this
research can benefit the flow regulation and flood
protection of the Huaihe River.
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1. Introduction

Tidal embayments are characterized by the widespread
presence of branching and sinuous tidal channel
networks (TCN) (D’Alpaos et al., 2005; Coco et al.,
2013). The control that TCN exert on the
hydrodynamics of coastal areas, as well as on the
ecology and sediment dynamics, is of primary
importance for both the short- and long-term
morphodynamic evolution of these environments (Coco
et al., 2013). Worldwide-increasing anthropogenic
pressures on coastal wetlands, combined with changes in
the relative sea level, further emphasizes the critical
importance of TCN on coastal morpodynamic, thus
calling for new insights on the processes governing their
evolution. During the last decade, laboratory
experiments have been developed in order to pursue a
complete characterization of the long-term evolution of
TCN (Stefanon et al., 2010; Vlaswinkel and Cantelli,
2011). Even though these experiments proved that TCN
can successfully be reproduced in small-scale
experimental settings, the effects of the initial basin
morphology (flat in the existing experiments) and
shoreline configurations have escaped closer scrutiny
thus far (Van Maanen et al., 2013). Here we present
results of laboratory experiments aimed at assessing the
influence of initial basin morphology and tidal range on
the inception and morphodynamic evolution of TCN.

2.Methods and Results

The experiments were carried out in the "DeltaBasin2"
experimental facility at St. Anthony Falls Laboratory
(University of Minnesota), using a 2.5 by 2.5 m three-
sided wood platform placed within the main basin and
filled with well sorted crushed walnut shells (Dso=250
um, p=1350 kg/m?) (Figure 1a). Sediments were initially
mixed with water up to the saturation point and poured
into the basin forming a 20 cm thick layer. Capillary
forces provided the wet sediments with a slight
cohesion, sufficient to maintain channel-bank
morphology during the experiment. A significant effort
was required to ensure that the elevation of the platform
at the shoreline perfectly tied the mean sea level by
maintaining the desired slope. A 10 cm wide berm was
built along each side of the platform in order to prevent
localized scour along the platform walls. The system
was purely erosional, because no sediment supply was
provided. During the experiments, water was dyed blue
to allow for channel identification from time-lapse
photos taken by an overhead camera. A cart-mounted
scanner recorded topography using a 3D SICK™
camera with millimetric horizontal and vertical
resolution. In all the experiments we considered a
sinusoidal tide with fixed tidal period of 1.5 minutes
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which produced reversing quasi-steady flow. Water
levels were regulated and adjusted by means of a
computer-controlled weir. Each experiment lasted 10
hours (400 tidal cycles). All the experimental TCN
exhibited an initial, relatively rapid, growing stage
followed by a period of slow morphological adaptation
toward a final quasi-equilibrium configuration.
Continuous monitoring of the basin hypsometry
indicated that the evolution of TCN occurred more
rapidly in the presence of a sloped basin and for higher
tidal ranges. Flat basin (i.e., 0% slope) and sustained
tidal ranges favour the development of more branching
TCN, while channel sinuosity is enhanced when wide
breaches (manmade in this case) favoured the initial
flooding of the basin. Conversely, the evolution of the
network and its final branching character appeared to be
quite insensitive to the initial number of breaches along
the shoreline, thus suggesting an autogenic behaviour
that depends primarily on the characteristics of the tidal
forcing.

Figure 1: Experimental tidal networks. a) Experimental
setup. b) Final network morphology obtained from an
initial transversal slope equal to 0.8%.
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1. Introduction

The Seine Estuary (France) represents a dynamic area
influenced by hydro-meteorological forcing (e.g., tides,
wind, waves, river flow) that has undergone considerable
changes through engineering works, such as dredging
activities, dike construction and harbour extensions. It
resulted in significant channel deepening and estuary
narrowing (e.g., Grasso and Le Hir, 2019; Figure 1).
Predicting the morphological changes of such mixed
sediment (mud and sand) environments over few decades
(around 50 years) is still challenging. Before simulating
prospective scenarios to investigate the estuarine
morphological responses to climatic and human
pressures, it is necessary to assess the numerical
modelling skill and ability via a morphodynamic
retrospective analysis. Therefore, based on a process-
based numerical model of the macrotidal Seine Estuary,
the objective of this study is to investigate the model
ability to simulate the estuarine morphodynamics for 10
to 50 years, through the influence of hydro-
meteorological forcing and human-induced changes.

2. Methods

The numerical modelling strategy is based on a realistic
hydrostatic model (MARS3D) forced by wind, tidal
components and river flow (Grasso and Le Hir, 2019). It
is coupled to a wave model (WAVEWATCH III®) and
an advection-diffusion multi-layer sediment module
(MUSTANG) taking into account mud and sand mixtures
(Le Hir et al., 2011; Mengual et al., 2017). Dredging is
simulated by releasing over real dumping sites the
simulated deposition of sediments above the reference
level in the navigation channels. The simulation of the
estuarine morphodynamics was firstly analysed and
validated in the 2009-2016 period, comparing annual
bathymetry changes and dredged sediment amounts and
classes (i.e. mud/sand ratio). The retrospective
simulations started from a dominantly natural system in
1960 and ran toward a anthropogenically-controlled
system in 2010 (Figure 1), vastly altered by human
activity (i.e. dredging activities, channel deepening, dike
constructions and harbour extensions). Sequencing of
engineering works in the model were aimed at mimicking
the real-time interventions, but scenarios with absence of
engineering works were also considered.

3. Results and discussion

Over the 8-year recent period (2009-2016), the simulated
morphological changes are of same order of magnitude as
the observations. Erosion and accretion patterns are
relatively well captured by the model, although the model
struggles to properly simulate the mouth bank
progradation seaward. The suspended sediment
concentration, and especially the turbidity maximum
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Figure 1: Bathymetries (rel. mean sea level) of the Seine
Estuary in 1960 (top panel) and 2010 (bottom panel).

mass is slightly lower than in previous studies (e.g.,
Grasso and Le Hir, 2019), but the dredged sediment
masses and classes are fairly well simulated.
Encouragingly, the model presents a robust trend over the
8 years without significant suspended sediment decrease.
Attention is also paid to simulate the right mud/sand ratio,
without long term variation, despite seasonal changes. In
addition, results from simulations using morphological
factors (4 in this study) were similar to the reference one,
providing confidence for further practices. The numerical
model, calibrated over the recent period, is then applied
in the 1960 configuration. This study investigates the
simulated morphodynamics convergence or divergence in
regards to observed bed level changes in order to assess
the model relevance for prospective simulations.
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1. Introduction

Tidal asymmetry, the inequality of flood and ebb
duration, is generated by the distortion of tidal wave
when it propagates from offshore to shallow estuary.
Flood dominance, which means shorter flood duration
and faster flood velocity, favors landward sediment
transport, while ebb dominance favors seaward sediment
transport (Dronkers, 1986). The three-dimensional (3D)
shape of estuaries plays a key role on the condition of
tidal asymmetry and hence the equilibrium state of
estuaries, which has not been well examined.

One of the most widely used equilibrium relationships
between tidal asymmetry and estuarine morphology is
developed by Friedrichs and Aubrey (1988) based on the
1D shallow water equations. They identified two key
non-dimensional parameters a/h (the ratio between the
offshore tidal amplitude and the mean water depth) and
Vs/Ve (the ratio between the volume of tidal flat and
channel). If the values of a/h and Vs/Vc satisfy the
stability condition, the tide is considered symmetrical
and the residual sediment transport is zero, suggesting
that the estuary is in equilibrium.

An idealized 3D form model is integrated by Townend,
(2010) who combined the equilibrium tidal flat profile
and channel description, as follows:

2y_VVlw
Z=a-sin(——1) fora=z>0
WO‘_NVVZW
n _
z=a-(M—1) for0=>z> —a
WO_VVIW N
W, 2
Z=—a—u4lw[1—(w—l};’)] forz < -—a

W) = Wy, - exp ()

where, a is the offshore tidal amplitude; Win is the width
at low water level; Wo is the width at mean water level;
nok is the a factor that has a value of 2 for a channel is
symmetric about the centreline and 1 if the width relates
to a half channel; W is the width at mouth and L is the
rate of width convergence.

This study is focused on the effect of various 3D forms
on tidal asymmetry while the key hydraulic and
geometric parameters are kept unchanged. The specific
objectives include: (1) to set up an idealized 3D estuary
model based on Townend (2010) and check if it agrees
with the classic equilibrium relationship of Friedrichs
and Aubrey, and (2) to assess the influence of different
shapes on tidal asymmetry given the same a/h and
Vs/Vc as the idealized 3D form.

2. Method
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Based on the equations above and the data of Humber
estuary, we can set up the 3D form morphodynamic
model using Delft3D (Figure la-c). Under the premise
that a/h and Vs/Vc remain unchanged, different
cross-sections (shown in Figurel d-f), plan forms (such
as various convergence rates) and slopes are considered.
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Figure 1: the idealized model based on Humber estuary
and different cross-sections

3. Preliminary results and discussion

Although the key parameters a/h and Vs/Vc are the same,
the state of tidal asymmetry varies with the 3D forms.
Different 3D forms cause changes in bottom friction and
cross-section areas, which is important to the distortion
of tidal waves. This implies that using the hydraulic and
geometric parameters a’h and Vs/Vc may not be enough
to justify the state of tidal asymmetry and the 3D shape
of estuaries plays an important role. Ongoing studies are
being conducted to gain more in-depth insight into this
topic.
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1. Introduction

Since the 13th century, in The Netherlands the inhabitants
started to reclaim lands, creating a large number of
polders. This process has caused the loss of natural
intertidal areas, essential for the safeguard of the dikes
from the rising sea level, caused from the climate change.
For this reason, the European governments started to
boost the protection of the existing intertidal areas and the
creation of new ones. One of these projects refers to
depoldering the Perkpolder area, in the Western Scheldt
(NL) to develop a natural intertidal zone (ca. 70 ha). To
characterize the hydrodynamic field in the new wetland,
a velocity measurement campaign has been carried out.

2. Velocity measurements

An acoustic velocity profiler also equipped with a
pressure cell was installed on different representative
locations on the study area, measuring continuously water
velocity along the vertical and water level. Tide level was
registered in Walsoorden station, located on the Wester
Scheldt, nearby the area inlet. The period of
measurements has extended by 21 days between April
and May 2018, to cover almost an entire tidal cycle. The
flow field was characterized both in the channels network
and in the mudflat. By combining the observed data with
the DEMs of the Perkpolder obtained from available
Lidar and Multi-Beam echosounder measurements, it has
been possible to compare the direction of the water flow
with the channel one.

3. Velocities profiles on the vertical

By observing the velocity profiles on the vertical it can be
affirmed that, comparing the profiles corresponding to
measurements collected in a small time interval (3
minutes), their trends are quite similar. Although the
profiles are similar to each other, in the vertical direction
the velocities do not increase or decrease uniformly but
they have an irregular behaviour, especially in the instants
corresponding to the maximum velocity.

Sl vty p o ae ] e relet e s Ao b uniially positnn, Sotd

Figure 1: on the left the velocity profiles on the vertical
measured in a time interval of three minutes, on the right
three average profiles (from left to right: profile averaged
on 15 minutes, 6 minutes and 3 minutes).

4. Plan view representation

-79 -

From the velocity data collected in the Perkpolder basin
it has been possible to obtain a representation of the
velocity in the East-North plan.

':'*'Jr -
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Figure 2: plan view representation of the horizontal
velocity
From this representation it is clear that the water flow
mainly follows the channels direction.

4. Conclusions

By analysing the flow velocity data, it can be stated that
the prevalent velocity components are the East and the
North components. In the channels, the general velocity
trend is consistent with the tidal phase; in fact, it is
positive during the flood phase and negative during the
ebb phase. The most regular profiles on the vertical can
be found in correspondence to the peaks of the water level
measured by the instrument, probably due to the presence
of lower values of the horizontal velocity. By looking at
the plan view representation of the horizontal velocities,
it can be observed that, in the channels, the water flow is
ducted. In the channels, the average value of the
maximum velocity reached in the flood phase is, in
general, higher than the averaged minimum velocity (in
absolute value) reached in the ebb phase. This underlines
a flood dominant behaviour that is consistent with the
sedimentation process highlighted in Perkpolder. In fact,
according to (Friedrichs and Aubrey, 1988), “Flood-
dominant lagoons and estuaries (having shorter duration,
higher velocity floods) tend to infill their channels with
sediment. Ebb-dominant systems (having shorter, higher
velocity ebbs) tend to flush bed-load sediment seaward
more effectively and may represent more stable
geometries”.
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1. Introduction

Tidal basins worldwide vary in shape and size. The
geometry of a tidal basin regulates the shape of the tidal
wave and the associated hydrodynamic processes. The
astronomical tide may become strongly distorted inside a
basin, resulting in asymmetries in the surface tide
(vertical tide) and the velocity field (horizontal tide) (De
Ruiter et al., 2019). Distortion of the horizontal tide
affects sediment transport potential by enhancing
asymmetries in peak tidal velocities (TVA) (Dronkers,
2016). Previous research has shown that divergent and
infilled meso-tidal basins are characterised by flood-
directed horizontal tidal asymmetry, whereas more
convergent and less infilled basins display greater ebb-
dominance (e.g. de Ruiter et al., 2019). In addition tidal
basin hydrodynamics and sediment transport potential
can be altered by currents induced by wind events. In our
paper we investigate how wind-generated currents
modulate horizontal tidal velocity asymmetry in shallow
tidal basins with divergent geometries.

2. Methods

Two hydrodynamic models of idealised shallow basins
were developed in Delft3D, based on the hypsometric
parameters methodology used by De Ruiter et al. (2019).
The resulting intertidal morphologies represent an infilled
constricted tidal basin and a less-infilled unconstricted
basin. Consequently, three-dimensional model runs were
undertaken forced by varying wind speeds and directions
as well as varying wind event timing (relative to low tide)
and duration.

3. Results and Conclusions

Horizontal tidal asymmetry patterns induced by a
combination of tide- and wind-generated currents inside
the idealised geometries were resolved by analysing
modelled peak flood- and ebb current velocities over a
tidal cycle. In general, our results show that effects of
wind-generated currents on tidal asymmetry depend on
wind characteristics, basin geometry, local water depth
and the magnitude and residual direction of tide-
generated currents.

Tidal velocity asymmetry (TVA) ratios indicate that
currents generated for wind speeds of 6 m/s and greater
can significantly affect hydrodynamics within a tidal
basin. Overall TVA patterns within both basins were
relatively similar, with locations and absolute values of
maximum flood- and ebb dominance modulated by basin
geometry. In shallow intertidal regions (flats) within the
basins, winds generate currents that are aligned with the
wind direction, resulting in an associated downwind-
directed increase in TVA. Deeper subtidal regions
(channels) are characterised by currents in the opposite
direction of the wind, promoting TVA patterns that
contrast with the intertidal asymmetry. This depth-
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dependent modulation of tidal asymmetry is most evident
for wind directions parallel to the main axes of the tidal
channel. Winds blowing directly into the idealised tidal
basins from the open ocean, for example, increase flood
dominance throughout the intertidal, whereas the subtidal
is distinctly more ebb dominant. These particular TVA
patterns are shown in Figure 1 for three transects inside a
constricted basin (6 m/s winds). The figure also shows
tide-only TVA ratios for one transect.

8 i i :
Y % I‘ ,"\\

’

270" lower
270" cente
210" upper
—===NO WNJ Cante |

M
s

\

I
Jr ~

" '
< / '
a 1.2} / \ |
. ) , _/, [
\ PR ] \ 4
10 ‘ ~ A ul = ___Fiood dominant
7/ Ebb cemnant
08}
06

0 05 10 15
Distance (km)
Figure 1: Tidal velocity asymmetry (TVA) inside the
idealised constricted basin bathymetry (overview in top
left inset) for three transects (lines on inset). Wind
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Our results suggest that an increase in wind speed
promotes more extreme TVA ratios without substantially
changing overall asymmetry patterns. We also show that
timing and duration of a wind event can have important
implications for associated TVA patterns. Wind events
coinciding with flooding tide result in the most
noteworthy differences between peak flood- and ebb
dominant asymmetry ratios, for wind event durations of
both three and six hours.

Consequences for sediment transport potential within
both basin geometries will be discussed.
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1. Introduction

Since the last century, land reclamation has been one of
the major anthropogenic activities on coastal area for the
demand of land resource. Land reclamation projects have
pronouncedly changed the coastline worldwide and have
caused morphological and ecological problems due to the
lack of effective management, such as the sharp loss of
intertidal flats and wetlands (Spencer et al., 2017). This
have motivated the program of de-reclamation, which
aims to return the coastal land to nature for more rational
and sustainable development of coastal land resources.
Notwithstanding the researches about restorations have
achieved great advances, the tidal network developing
under the influence of land de-reclamations has received
considerably less attention. These anthropogenic projects
not only directly affect the hydrodynamic and
sedimentary environments, but also lead to much more
complicated geomorphic reworking of topography in
adjustment. In the present study, a state-of-the-art
numerical model (Delft3D) is employed to (1) explore the
variations of the tidal flow and sediment transport, and (2)
the long-term morphodynamic evolution of the tidal
networks in response to reclamation and de-reclamation
projects. By addressing these objectives, this study aims
to provide scientific basis for the sustainable development
and protection of coastal resources.

2. Method

An open-source morphodynamic model (Delft3D) is
employed in this study. The 2D shallow water equations
are solved for the tidal flow fields, which are utilized to
calculate the sediment fluxes. Then the bed level change
is calculated through the bed continuity equation. The
descriptions of these governing equations have been
detailed in previous studies (Zhou et al., 2014).

In order to analyse the morphodynamic evolution of tidal
networks in response to reclamation and de-reclamation
projects, a three-stage simulation is designed. In the first
stage, the natural development of tidal networks is
modelled without anthropogenic interventions. At the
beginning of the second stage, parts of the computational
domain are enclosed by sea dikes, which implementation
of reclamation project (Figure 1d, 1e). These sea dikes are
removed or opened in the third stage to simulate the
recovery of the tidal networks after de-reclamation
(Figure 1f, 1g, 1h, 1i). Each stage lasts for 100 years (i.e.,
300 years in total). An additional run denoted without
anthropogenic interventions throughout the simulation is
performed for comparison.

3. Preliminary Results

Model results indicate that land reclamation decreased the
landward sediment supply and the residual current in
front of the dikes. For partly enclosed case, only channels
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near the corner of the dikes diverted because of the
convergence and dispersal of flow.

For the case of de-reclamation, the method of removing
all dikes to restore the tidal flats to the original natural
condition, but the hydrodynamics do not seem to be able
to reshape an identical tidal flat as the original one; the
method of opening breaches altered the distribution of
tidal channels seaward of the dikes.
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Figure 1: The morphological results of all cases. (a), (b)
and (c) show natural evolution. (d) and (e) show
reclamations. (f), (g), (h) and (i) show de-reclamations.

Overall, model results suggest that land reclamation
hindered the development of tidal channel systems and
the most pronounced influence was on the surrounding
area of the dikes. De-reclamation projects can promote or
restore part of the tidal flats and their effectiveness is
dependent on the specific methods of breaching.
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1. Geographical setting and observations

The Trabucador is a long (6 km) narrow (125 m) bar-
rier beach at the SW side of the Ebro delta (Catalo-
nia). Its inner side facing the Alfacs bay is a low energy
beach with a sandy shallow terrace featuring an intricate
alongshore rhythmic morphology (see Fig. 1). Sixteen
aerial orthophotos from 1946 to 2014 have been analysed
and complemented with field observations from 1986 to
present. This morphology is dynamic but it is usually
characterized by: a) long transverse finger bars (LTFB)
(Ribas et al., 2015) and b) large scale shoreline undu-
lations (LSSU) (Arriaga et al., 2018) . The LTFB are
thin and elongated, with lengths that are comparable to
their alongshore spacing, which is in the range 15 — 25
m. Spectral analysis shows peaks in this range and some-
times additional peaks in the range 30 — 65 m that cor-
respond to the spacing between the largest bars. They
commonly open an anti-clockwise angle of 10° —40° with
the shore normal and typically attach to the shoreline by
a megacusp. The LSSU typically have wavelengths in
the range 150 — 250 m. Although they might interact, the
LTFB and the LSSU are clearly two distinct morphologi-
cal unitsMujal-Colilles et al. (2019).

Alfacs bay

Figure 1. Aerial photo of the Trabucador barrier beach
in 2013 showing the large scale shoreline undulations
(LSSU) and the transverse bars (LTFB) facing the Alfacs
bay.

2. Modelling results

We investigate the hypothesis that both the LTFB and the
LSSU would emerge from positive feedbacks between the
wave-driven hydrodynamics and the evolving morphol-
ogy. A full 2DH morphodynamic model should be able of
reproducing both LTFB and LSSU. However, because of
the very different space and time scales such a model does
not exist yet and LSSU are usually described with shore-
line models based on averages in space and time. For
large wave incidence angles with respect to the shore nor-
mal a rectilinear shoreline can become unstable and give
rise to LSSU (Arriaga et al., 2018). SW breezes are very
frequent during fair weather and can easily reach 8 m/s.
Numerical simulations for these conditions show that they
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can generate waves of 0.4 m significant height with large
incidence angles with respect to the Trabucador beach.
We apply a one-line shoreline model to investigate shore-
line instability. The dominant wavelengths range around
200 — 300 m and the growth time (constant wave condi-
tions) is about 30 days.

Regarding the LFTB a full 2DH surfzone morphody-
namic model is applied. The model is forced with random
initial perturbations of an alongshore uniform bathymetry
and constant wave conditions corresponding to SW wind.
As can be seen in Figure 2, it reproduces the formation
of transverse bars with a spacing of about 30 m reach-
ing an amplitude (from crest to trough) of about 10 cm
within 34 h. Their spacing is in the range of the observed
wavelength and their orientation is consistent with obser-
vations with an angle with the shore-normal of about 50°,
i.e., somewhat larger than the observed one. We there-
fore conclude that both the LTFB and the LSSU could
be originated by positive feedbacks between wave-driven
currents and morphology during SW wind events.

S
=
(=

Figure 2. Morphodynamic modelling of transverse bars
from random initial bathymetric perturbations: contour
lines of the bathymetric perturbation, for # = 34 h. Dark
greys represent deep and light colours represent shallow.
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1. Introduction

Important sedimentary processes have recently been
documented for the fluvial-to-marine portions of the
Amazon and Mekong systems. Future environmental
changes will impact sediment dispersal, by affecting
sediment entrapment in the tidal river and by altering
landward sediment return from the continental shelf to
tropical deltas and mangrove shorelines.

2. Amazon tidal river

The Amazon tidal river contains only freshwater, but is
modulated by tidal forces that extend 800 km upstream
from the Atlantic Ocean. This region still remains in a
relatively natural condition, and as much as a third of the
sediment reaching the tidal river is trapped there (~300-
400 Mt/y). Potential sinks include tributary mouths, tidal
floodplains, and adjacent rivers.

The Tapajos and Xingu tributaries enter the Amazon
tidal river, and contribute much water but negligible
sediment. A range of processes cause entrapment of
Amazon sediment in their mouths. Seasonally higher
elevation of the Amazon water surface can cause
barotropic flow into the Tapajos mouth, where quiescent
conditions allow sediment to accumulate. For the Xingu
tributary, tidal fluctuations cause the dominant barotropic
flows, and strong tidal flood currents pump sediment into
its mouth. Seasonally, Amazon water is cooler and enters
the Xingu mouth as a dense, turbid bottom flow. Both
tidal and density flows deliver sediment to quiescent
conditions where sediment accumulates.

Flow of water into the tidal floodplain is controlled by
changes in the elevation of the Amazon water surface that
occur on seasonal and tidal time scales. In the upper 250
km of the Amazon tidal river, levees are high (as much as
7-8 m) and transfer to the floodplain is limited to seasonal
flood conditions, when diffuse overbank flow dominates.
The central 200 km of the tidal river experiences
overbank currents driven by substantial tidal fluctuations
(1-2 m). Consequently, levees are much lower and turbid
river water is advected far into the floodplain, effectively
trapping Amazon sediment. The lower 350 km of the
tidal river experiences greater tidal processes, but
sediment has largely filled the floodplain to high water
levels. A complex network of tidal channels connects the
lower tidal river with river systems south of the Amazon
river mouth, and some of the Amazon sediment is
transported to and likely trapped in estuarine seabeds and
shorelines there.
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3. Mekong deltaic system

The majority of the sediment received by the Mekong
Delta is transferred through distributary channels to the
adjacent continental shelf during high flow of the river
(Jul-Nov). Some of the sediment is returned to channels
and to mangrove shorelines during low flow (Dec—Apr).
This coincides with the most energetic conditions on the
shelf, when strong winds from the northeast cause
relatively large surface waves and wind-driven currents
to propagate landward and southwestward.

Turbid bottom water reaching the mouths of
distributary channels can be transported into the channels
by baroclinic estuarine flows. Observations in the
southernmost distributary channel, Song Hau, indicate
that the mass of sediment returned during Dec-Apr is
about 30% of that discharged seaward in Jul-Nov. The
sediment re-entering the channel is mud that is trapped by
estuarine processes, and temporarily deposited on the
channel bed. Most of this sediment and new sediment are
transported seaward with the return of high-flow
conditions during the following Jul-Nov.

During Dec-Apr, turbid water is also brought landward
to ocean shorelines of the delta. Detailed observations
were made of the shoreline at the mouth of the Song Hau
distributary channel, where sediment is trapped in a
mangrove forest. Deposition is dominant during the Dec-
Apr period, and landward transport into the mangrove
forest is enhanced by tidal flows. Sediment accumulation
rates reach 5 cm/y, and cause seaward progradation of the
mangrove shoreline. The bulk of Mekong sediment
builds a shelf clinoform, but the complex landward flows
also provide sediment that can nourish the shorelines of
the ocean and of distributary channels.

4. Recent and future changes

In the future, the processes described above will operate
under different conditions. Enhanced dam construction
and climate change will severely affect the amount and
timing of water and sediment discharge. Accelerated sea-
level rise will flood land surfaces and create new
accommodation space to trap sediment. Transgression
will bring secondary effects from erosion of shorelines
and seabeds, and from saltwater intrusion and upstream
migration of estuarine processes. Predictions of future
changes to Amazon and Mekong sediment dispersal are
difficult, but would be impossible without knowledge of
processes that have recently been documented.
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1. Introduction

Sediment transport dynamics in mountainous source
regions have a direct impact on the morphology of river
systems downstream (Baartman et al, 2013).
Understanding the controls on sediment mobilisation in
these regions is critical for predicting the evolution of
flooding and mass flow hazards under future global
climate change scenarios. It is also key to being able to
interpret the sensitivity of rivers to past climatic change
from their sedimentary records (Harries et al., 2019).

Here we present a quantitative analysis of the controls on
long-term sediment dynamics in the arid Argentine
Andes, 30-31°S. We first test the fundamental
geomorphic principle that the sediment exported from a
catchment is representative of catchment-wide rates of
bedrock erosion (Dietrich et al. 2003). We then
investigate to what extent precipitation rates, bedrock
lithology and glaciation have modulated channel
steepness and the potential for sediment mobilisation
across the mountain range.

2. Methods

For seven river catchments, which feed three alluvial fans
in the Iglesia basin, we map the spatial distribution of
slope and normalised channel steepness (k). Here kg,
is calculated as a function of the spatial distribution of
discharge:

Keni = Q,'S; ()
where Q; and S; are effective discharge and channel slope
atany point i on the river network, and 6,..f is a reference
concavity index. Effective discharge is calculated by
accumulating the average precipitation rate in the wettest
month (Fick and Hijmans, 2017) upstream of point i.
These metrics are analysed as a proxy for erosion and
sediment mobilisation in the cordillera.

Based on the observed erosional trends, we test the
hypothesis that the upper reaches of the catchments,
which have experienced higher rates of erosion due to
glaciation, contribute a larger proportion of sediment to
their alluvial fans. As the upper glaciated reaches have a
bedrock lithology that is distinct from the lower fluvially
dominated reaches, the relative contribution of sediment
from these areas can be inferred from our extensive
dataset of pebble lithologies.

3. Results

While there is clear geomorphic evidence for enhanced
glacial erosion in the upper reaches of the Cordillera, we
find in all three catchment-alluvial fan systems that
sedimentary clasts sourced from the upper Cordillera are
under-represented with respect to their source area
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exposure. In examining the relationship between clast
size and lithology, we deduce abrasion has not had an
important role in modulating sediment export. We
hypothesise that the storage of large volumes of glacial
sediments in the glaciated reaches is the dominant control
on sediment composition on their alluvial fans.

We observe that the driest catchments to the north export
clasts that are predominantly sourced from the lower
Cordillera. Southwards, as precipitation rates increase,
the bias towards clasts sourced from the lower Cordillera
is significantly reduced. This pattern correlates with a
latitudinal gradient in the distribution of ks across the
Cordillera. Our analysis therefore implies that spatial
variations in rainfall and steepness strongly influence the
potential for sediment mobilisation, in particular with
regards to upper cordillera glacial sediments.

4. Conclusions

The spatial distribution of precipitation within mountain
regions is important for modulating the storage or
mobilisation of sediment in post-glacial catchments. As
storm intensity and frequency is set to increase in the arid
Andes, this finding has important implications for
predicting where sediment will be mobilised from in
flood events. It is also fundamental for understanding the
completeness of the sedimentary record downstream of
complex mountain ranges.
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1. Introduction

Neck cutoffs of elongated meander bends on the White
River, Arkansas, USA, are prominent (Figure 1). Neck
cutoffs occur when upstream and downstream channels
of a meander bend migrate into each other. This process
is different from chute cutoffs where a new channel is
eroded through the point bar or floodplain, thereby
connecting the upstream and downstream channels of a
meander bend.

Figure 1: Two neck cutoffs occurred on the White River,
Arkansas, USA, immediately downstream of the city of
De Valls Bluff in the early to mid 2010s.

Both qualitative and quantitative descriptions of chute
and neck cutoff processes and the subsequent evolution
of the river and the abandoned channel (or oxbow lake)
have been presented in literature (e.g., Gagliano and
Howard, 1984; Hooke, 1995; Constantine and Dunne,
2008; Zinger et al., 2013). However, detailed field data
sets of river morphodynamics, e.g. using acoustic
Doppler current profilers (aDcp) and multi-beam echo-
sounders (MBES), during and after cutoff are particularly
limited (Zinger et al., 2013, for chute cutoffs; Richards,
2018, for neck cutoffs).

Gagliano and Howard (1984) conceptualized the neck
cutoff process as a four-stage process: 1) Active meander
bend stage; 2) Neck cutoff stage; 3) Lacustrine stage; and
4) Terrestrial stage. For the Lacustrine stage, channel
diversion angle, that is the angle between the channel
approaching the bend and the abandoned-channel
entrance, and sediment load were identified as important
parameters that control the rate of post-cutoff planform
dynamics and oxbow lake alluviation (e.g., Shields and
Abt, 1989). Sediment plug formation at the abandoned-
channel inlet and outlet is typically established within 10
years.

The comprehensive field data set of Richards (2018)
shows that the neck cutoffs on the White River generally
follow the four-stage conceptual model of Gagliano and
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Howard (1984). However, the rate of sediment plugging
at the entrance and exit of the abandoned bends is
negligible. Richards (2018) hypothesized this to be
caused by: 1) the deep incision of the channel bed
perching the exit of the abandoned bend; and 2) the
observed strong helical motion of flow producing near-
bed flow oriented away from the exit of the abandoned
bend promoting transport of bedload sediment in the
downstream direction.

The limited availability of comprehensive field data sets
of neck-cutoff morphodynamics and the difficulty to
produce neck cutoffs experimentally in the laboratory
inhibit a complete understanding of neck cutoff
processes.

2. Approach

The river morphodynamics computer model Telemac-
2D/Sisyphe/Meandre (Langendoen et al., 2016) is used to
conduct a systematic analysis of the role of diversion
angle and sediment load on post neck-cutoff river
morphodynamics and oxbow lake alluviation. The model
is validated against the observations of Richards (2018).
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1. Introduction

We present the first study that describes a spatial and
temporal evolution of low-energy meandering river
systems formed in a loess landscape of central Europe,
in Transdanubia (south Hungary). The main objectives
were to: 1) identify the lithology, sedimentary structures,
and age of the former channels and floodplain, ii)
determine the evolution of low-energy meandering
rivers of Transdanubia, and iii) propose a general model
of meander bends evolution in various geomorphic
settings.

2. Study area
The research was conducted in the Kapos and Koppany
River valleys that belong to the Danube River drainage
basin. The site has been selected for field research as
traces of a complex system of palacomeanders have
been preserved in the floodplain (fig.1). A complex
system high-curvature bends were formed by the
Koppany River. Compound and large-scale meanders
were formed in tge course of the Kapos River.

v

‘
’ ,

Figure 1: Palacochannels in the Koppany and Kapos
valley floor.

3. Research methods

The internal structure of former channels and floodplain
was studied by means of GPR (ground-penetrating
radar), ground-truthed by sedimentary information from
30 boreholes and corings. Radiocarbon dates were
determined for 20 samples of terrestrial plant
macrofossils and charcoal pieces using the AMS
technique to estimate the age of the palacomeanders.

4. Results

Low-energy meanders replaced a braided river system in
the Koppany valley at least 14000 cal. BP. The
meandering system was characterized by elongated,
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compound bends with widened channel cross-sections
near apexes. Silts constituting the river bed, oblique
accretion within the inner banks, cutoffs formation
between 14000 and 11300 cal. BP, and flow
discontinuation after 3900 cal. BP, after which the river
was turned into wetlands, were specific features of this
river course.

The meandering system was formed due to the
domination of suspended load originating from loess
constituting the mantle of the surrounding hills. With the
low-energy conditions, in which sands from the older
braided system could not be entrained to transport,
deposition of fines created a 2.0-2.5 m thick cohesive
layer of floodplain sediments. A spatial transition from
multi-headed compound bends to downstream migrating
large-scale bends in the Kapos valley could have been
caused by the formation of a tectonic fault.

5. Model of meander formation

We propose a general model of meander bends
evolution for both high- and low-energy rivers evolving
in various geomorphic settings. Large-scale meanders
are formed by high discharges with a significant content
of bed-load in convective regimes characterized by
perturbations propagating downstream. Large meanders
can also be formed in low-energy rivers e.g. owing to
the formation of tectonic faults. The second type are
bends with cutoffs. They occur both in low- and high-
energy rivers. These meanders represent convective
conditions, when sediments from a single chute cutoff
are moved downstream, and cause downstream changes.
Absolute conditions appear when, owing to multiple-
cutoffs, and counter-migration of neighboring bends,
perturbations are propagated in both directions. The
occurrence of circular pools allows for distinguishig
low- from high-energy courses. The third type are
meanders formed in low-energy conditions, in a variety
of sedimentary environments (tidal, peatlands, glacial-
inherited valleys). In the loess landscape of
Transdanubia, the absolute conditions were induced by
the downstream base-level rise that, in turn, limited
sediment delivery to fines from loess hills. As a result,
the low-energy river evolved over a coarser layer
inherited from the activity of a high-energy braided river
system.
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1. Introduction

A 25°C increase in water temperature, due to some
combination of river elevation descent, or flow to warmer
latitudes, or seasonal increases, can increase grain settling
velocities by 7.3%, 42%, 85%, 90% for a 1000-pum, 250-
pum, 62.5-um, or a 10-um grain respectively, and reduce
sediment transport by 90% for a grain size population
centred at 62.5 um, or 300% if centred at 10um (Syvitski
et al., in press). To augment these findings, we apply
thermodynamic transport theory to a day in the life of the
Tsangpo — Brahmaputra River.

2. Theory of river temperatures
The one-dimensional heat-advection model of flowing
water is:

oT  0QT WS,

ot

()

or  pre,

where 7 is temperature across a reference volume
wherein energy is exchanged vertically over the flow
cross-sectional area, 4 (m?) per unit time, ¢ (s), Q is
discharge (m?/s), x is distance (m) in the flow direction,
W is average river width (m), Syis the sum of heat fluxes
across the air-water and sediment-water interfaces (W m
2), and ¢ is the heat capacity of water (kg m?>K-!s™).

The atmospheric-water heat flux Sris:

Sf:HﬂSJ’_Hla'I{lW'HeJ'—HC'Hp (2)
where H.s is net solar radiation, Hi. is atmospheric
longwave radiation, Hu is long-wave radiation from the
water surface, H. is evaporative heat flux, H. is
convective heat flux, and H, is heat flux due to
precipitation. Employing the thermal equilibrium concept
of Edinger et al. (1968), a method appropriate for macro-
scale water balance models, then:

Sr=Ke (Te=T) A3)
where K. is the bulk coefficient of heat transfer that is a
function of air temperature, dew point temperature, and
wind velocity, 7. is the hypothetical equilibrium
temperature that water reaches under constant
atmospheric heating or cooling, wherein Sy = 0 across the
air-water interface. Thus,

K.x
Pfcpq

(4)

T—Te+(TQTE)CXp(
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where ¢ is flow per unit width of the river (m?%/s). The in-
river equilibrium temperature 7. (°C) requires knowledge
of local wind speed, air temperature, humidity, and
incoming solar radiation to predict water temperatures
(Edinger et al, 1968). The incoming upstream
temperature Ty (°C), requires a flow routing model that
tracks non-point source thermal loadings into and out of
each grid cell, including surface and groundwater
sources, precipitation inputs, and snowmelt.

3. Modeling river temperatures

We use the model WBM-TP2M to calculate global stream
temperatures (Miara et al., 2018), as based on the in-river
equilibrium temperature model (Edinger et al., 1968).
River temperature is a function of hydrologic flows and
climate variables including wind speed, air temperature,
humidity, and incoming solar radiation. The model’s
framework calculates surface runoff based on grids of
precipitation, evapotranspiration, infiltration, soil
moisture, irrigation, reservoirs and diversions. Flow
routing uses a cell-tree topology (HydroSHEDS) and a
semi-implicit  finite-difference  solution to  the
Muskingum—Cunge equation. Precipitation data is from
the Global Precipitation Climate Centre. The temperature
of precipitation differs from river temperature, and uses
the approximation of runoff temperature as wet-bulb
temperature plus 2°C. Spatial resolution is 6 arc-min
(~11km x 11km). For a complete description with model
validation, see Cohen et al. (2014) and Miara et al. (2018).

4. Thermodynamic sediment-transport theory
The density of river water g (kg/m®) varies with river
water temperature 7 (°C) as pr, and as modified by the

dissolved mineral concentration Apw (kg/m?®), and
particulate concentration Apcs (kg/m®):

o= pr+ Apsa+ Apcs (kg/m?) (5)
where pris:
1-— 9414
pr = 1000 (T + 288.9414) (T —3.9863)> (6)

508929.2(T + 68.12963)

Kinematic viscosity, v decreases as fluid temperature
increases:

1.79103
__ 140.033687'+0.000217°2

Pr

m%s)  (7)




where the numerator represents the dynamic viscosity (N
s/m?), and g is the effective fluid density (Eq. 5).

The settling velocity @ of sedimentary grains (e.g. Julien
1995) is:

w = fl—“m 4001394907 — 1] (ms)  (8a)

s
(M_ 1/3

or
v

l)g

(m) (8b)

d=d;

2

where v is kinematic viscosity (m?%s) (Eq. 7), ds is grain
diameter (m), pses is grain density and pr is fluid density
(kg/m?, Eq. 5, 6), and g is acceleration due to gravity
(m/s?).

The Bagnold (1966) method for estimating the suspended
bed-material transport Qswm in fully turbulent flows and
larger transport rates, is:

—0 u
<p >pr S (O'Olw) [ke/s] (9)

where Q is river discharge (m?/s) averaged over
turbulence, S is a load rating term (-) set to 1 for this
study, S is the energy slope (m/m) that powers the
discharge, u is the transport velocity of suspended
particles and approximated by average river velocity
(m/s), and @ is the settling velocity (m/s) of the bulk
suspended particles, or for each size fraction being
separately tracked. The method balances the available
power of the flow, with the kinetic energy required for
sediment transport.

Ps
s — Pf

stm

The total suspended load of a river, Os, combines the
suspended bed-material load, Ossm, with the wash load of
a river, Qw, such that:

QS = Qshm + Qw (kg/s) (10)

Qs is the product of Q and Cs, Q is water discharge (m?/s)
and C; is suspended-sediment concentration (kg/m?). Oy
represents the finer-grained portion of a river’s suspended
load, typically fine sand, silt and clay-sized grains, and
sourced from a landscape affected by the land cover, land
use, disturbances, character of the soil and bedrock,
precipitation intensity, basin relief, tectonics, and air
temperature. The wash load reflects the different types of
runoff that enters a river (snowmelt, rainfall wash, glacier
melt, and groundwater). A dimensionless stochastic
model to capture this complexity (adapted from
wr 0

Morehead et al., 2003) is:
() b
] Q

Qu
where Qwyi is suspended sediment load, Oy is discharge,

Q)

wa0C

Dw = Yym

on the i day of the a™ year. Qw and Q are long-term
mean suspended load and discharge, respectively. iy
describes a lognormal random distribution having a

variance scaling with Q. Here, wriy is set to 1. ¢y is a
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normally distributed annual rating exponent. m conserves
mass. wzoc is the settling velocity of wash load particles
at a fluid temperature of 20°C, and @y is the particle
settling velocity at the relevant daily river temperature
and grain size.

5. The Tsangpo — Brahmaputra Model Domain
The Yarlung Tsangpo (Zangbo) — Brahmaputra River
warms by 23°C, from the headwaters in the Himalayas
and Tibetan Plateau, to the river mouth. Drainage arca
increases linearly with river distance (R?= 0.977). The
first half of the river length has no latitudinal effect, the
latter half has a linear increase in southerly latitudes (Fig.
1). The river has three distinct zones— a highland Tibetan
Plateau with moderate slopes, a steep (Tsangpo) Gorge,
and a flat lowland Brahmaputra floodplain (Fig. 1).

We model the river’s daily discharge using a 31-y
climatology (1980-2010), and focus our thermodynamic
transport theory to flow conditions on August 15, 2010,
in the middle of the high-flow monsoon season. On that
day, a water droplet entering the main headwater river
takes 7.2 d to reach the Tsangpo Gorge, 1.5 days through
the Gorge, and 2.9 days to cross the Brahmaputra
floodplain. During the 4470 m descent, river temperatures
warm at 1.6°C/km of elevation descent.

The river encounters three orders-of-magnitude of river
gradients; a 15-fold range in discharge; a factor of 2 range
in flow velocity; and a 134% range in river temperatures
(Fig. 1). Findings for the August 15, 2010 model day are:
e The range in fluid densities is quite small when
considering just thermal effects (0.2%), and only
slightly larger (0.4%) when the dissolved and
particulate concentrations are added (Fig. 1).
The range in river viscosities is 42.8% (Fig. 1).
The range in the settling velocity of a 50um grain
population is 42.5%, 23.7% for a 100pm
population, and 6.5% for a 600um size population.
Compared to a simulation using a T=20°C
standard, the largest particle settling differences
(39%) occur in the cold alpine reaches, with
decreasing differences downstream (Fig. 1).
Mean grain size (ds, mm) of the bed-material load
is modelled as a function of river slope (S, -) (Fig.
1). Six grain size regions are defined: gravel
(coarse, medium and fine) along the Yarlung
Tsangpo River, cobbles through the Tsangpo
Gorge, and 600um sand along the Brahmaputra
river bed (see Subramanian and Ramanathan 1996)
(Fig. 1).
Suspended bed-material load (Eq. 9) grows in
magnitude, from headwaters at 0.1 t/s, to peak
fluxes in the Gorge at 5.5 t/s. Loads decrease from
the mouth of the Tsangpo Gorge at 3.5 t/s, to 1.9
t/s just 80 km further downstream. The remaining
800 km of the Brahmaputra River sees the bed-
material load fluctuate from a low of 0.9 t/s to 3.2
t/s, as new tributaries join the river (Fig. 1).
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Figure 1: River boundary conditions (upper panels):
drainage area, degrees of latitude, river elevation, and
river slope with flow distance. Modeled water properties
(middle panels): discharge (WBM-TP2M simulation),
river velocity (u = 1.30%!), river temperature (WBM-
TP2M simulation), fluid density (Eq. 5 & 6), and fluid
viscosity (Eq. 7). Modeled transport properties (lower
panels): along-river settling velocity of 100um and
600um particles (Eq. 8), suspended bed-material load
(Eq. 9), total suspended load (Eq. 10), mean grain size
of suspended bed-material (ds = 29911+S"1567); total
suspended concentration (Cs = Qs/Q); wash load, with
and without a correction for river temperature
variability (Eq. 11).

e  Wash load grows continuously downstream, from
0.007 t/s at the river’s source, to 9.1 t/s at the exit
of the Tsangpo Gorge, and then rapidly gains mass
across the Brahmaputra Plain, to reach 63.3 t/s at
its mouth (Fig. 1). Wash load is modelled with a
mean grain size of 50um (the river predominantly
carries coarse silt to sand-size particles; see
Subramanian and Ramanathan 1996).

e [f we use a constant river temperature of T=20°C,
the river-mouth wash load is overpredicted by 8.2
t/s (Fig. 1).

e The suspended load at the river mouth has a bed-
material component of 3.5% (Fig. 1).

e When comparing suspended bed-material
transport rates, between a model run with pr= 1000
kg/m?, T = 20°C, and a simulation using free
variables, small differences (5.9%) exist for a
600um particle population, with the differences
becoming magnified for smaller sized particles: a
100 um particle population is underpredicted by,
~20% in the cold alpine environment, to ~12%
overprediction for the lowland river environment
(Fig. 1). The transport discrepancy grows to 137%
for 10um particle populations.

e The total suspended sediment concentration begins
at 0.09 kg/m? at the source waters of the river, and
grows to a river mouth concentration of 2.1 kg/m?

(Fig. 1).

6. Conclusions

Fluvial-transport theory supports efforts to: 1) include
thermal-dynamic algorithms in fluvial fluid-dynamic
models, 2) include planetary forces, such as weather and
climate that simulate river discharge and river
temperature, and 3) embed modelling approaches within
geographically-based frameworks.

A 25°C change in river temperature can influence the
wash load of a river from 70% for 100um particles, to
320% for a suspended population 10um in size. With both
thermal and mechanical controls at play, our study
suggests that river temperature controls on sediment
transport should be accounted for. The use of thermal-
dynamic models of particulate transport holds many
significant applications within environmental
management for predicting the flux of both natural and
artificial sediments and organic particles from the world’s
rivers.
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1. Introduction

Tidal channels branching and meandering through salt-
marsh platforms exert a fundamental role on the eco-
morphodynamic evolution of marsh ecosystems (Hughes,
2012). Despite of their prominence and wide occurrence,
the characteristics and dynamics of meandering channels
shaped by the periodically reversing tidal flows, lack the
detailed scrutiny that has been devoted to their fluvial
relatives (Ikeda and Parker, 1989; Seminara, 2006). To
improve current understanding of the origins and
evolution of salt-marsh meandering channels, together
with their morphological characteristics, and the
sedimentary structures emerging from their evolution, we
studied a meandering channel cutting through the San
Felice salt marsh, in the Venice Lagoon (Italy). Towards
this goal we carried out morphometric and
sedimentological analyses, together with mathematical
modelling, that allowed us to provide a detailed picture of
the evolution of such channel.

2.Methods

We adopted a multidisciplinary approach which
combines field observations, analysis of remotely sensed
data, mathematical modelling, and sedimentary facies
analysis. The planimetric configuration of a network of
saltmarsh channels (determined through the use of high
resolution O(lcm) images obtained through UAV) was
analyzed on the basis of mathematical models that
allowed us to quantitatively define relevant geomorphic
indicators, such as the drainage density and the
distribution of the bottom shear stresses (D’ Alpaos et al.,
2005) and the morphological characteristics of the
meandering channels (Marani et al., 2002). High-
resolution sedimentological analyses were focused on a
small winding channel, where 100 cores across 16
transects were collected. Repeated DGPS surveys in time
(2002 and 2015) allowed us to describe channel migration
and changes in channel morphology.

3.Results and Conclusions

The distribution of the bottom shear stresses, which
controls the erosion processes, showed that network
development occurred via headward growth. This was
also confirmed by the analysis of sediment cores that
emphasized the presence of an erosive trend in proximity
of the channel tips, whereas a depositional trend was
found to dominate the portion of the channel towards the
outlet section.

The occurrence of a lateral migration of the meanders that
characterize the small channel was also observed from the
sedimentological structures, in agreement with the results
obtained from the analysis of remotely sensed images and
from the comparison of DGPS surveys at different times.
Although tidal meandering channels are usually
recognized as quite stable landscape features, here we
show that channels display non negligible migration rates

and rapidly adapt to changes in the landscape-forming
discharges.
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Figure 1: Study site within the San Felice salt marsh in
the Venice Lagoon (a). Detailed image of the meandering
channels considered in the study (b) together with a
representation of marsh topography (c); d) example of a
surveyed cross section in 2002 and 2015.

Our results show limited similarities between meandering
fluvial and tidal channels, and suggest that the study of
tidal meanders requires the development of specific
theories and modelling frameworks, challenging the
possibility of applying models developed for fluvial
settings.
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1. Introduction

The suspended solids concentration (SSC) in the waters
of an estuary is one of the main factors that contributes to
soil accretion in coastal wetlands. Therefore, it is a key
driver for the stability of coastal wetlands, especially in
the face of sea level rise (SLR). The SSC over the tidal
flats is affected by local hydrodynamic, terrain and
vegetation, and is needed to model its spatial distribution,
as local measurements are rarely available. Sediment
transport models (STM) used for this task might be
simple linear relationships fitted on observed data, or it
can also be represented by complex physical relationships
based in the interaction between wind, hydrodynamic,
erosion and sediment settling/trapping. However, most
applications assume a constant value of SSC as a
boundary condition, thus representing an average
situation. This may not represent the fact that severe
events can lead to substantial change in the accretion rates
due to the increased availability of sediment after storms.
This work aims to compare the effect of using a dynamic
condition for the input SSC when simulating eco-
geomorphological processes. Many scenarios where
simulated regarding different levels of average SSC and
water levels. Analyses were conducted about how a
dynamic fluctuation of sediment, instead of a static
approach, may change soil accretion and vegetation
distribution over the years.

2. Methods

A similar modelling framework used in Rodriguez et al.
(2017), calibrated for SE Australia conditions, was
applied in this study. The original constant STM was
replaced by a quasi-2d advection model with sediment
settling, as described in Garcia et al. (2015). The
simulation area is a hypothetical tidal flat with a gentle
slope of 1/1000 and a small inner tidal channel.

The 2010-2012 time series of water levels were obtained
for the Hunter estuary region through the Australian
Bureau of Meteorology, while the SSC data came from a
MERIS satellite data derived product. We selected 13
one-month periods to represent different water level
conditions and sediment load. We used this data to
simulate wetland evolution from 2010 to 2050, using the
IPCC ARS PCP8.5 forecast for SLR rates. We simulated
wetland evolution first using the time-average SSC value
through the entire simulation (Static) and then using the
SSC time series (Dynamic) and averaging the results over
the year.

3. Results

The charts in Figure 1 show the results of static and
dynamic SSC for a given scenario. Likewise, the
accretion profiles and vegetation maps for each input type
were compared for all the other scenarios.
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Figure 1: Example of accretion profiles (top) and
vegetation maps (bottom) in 2050 for one of the scenarios
(high water levels and high sediment load). Each line
represents a longitudinal profile at a different distance
from the inner channel. The maps show the suitable area
for each vegetation type in the tidal flat.

The majority of the simulations showed higher accretion
values when using a dynamic SSC. Comparing local
values, the maximum differences varied from 2 mm up to
34 mm, or from 52% to 263% in relative terms. Analysing
the spatial average the change ranged from 0.2 to 4.4 mm.
It was noticed that the dynamic SSC resulted in higher
accretion when high values of SSC were associated with
high tides. Regarding simulations of the vegetation
distribution, the greatest differences occurred in the
saltmarsh areas closer to the inner channel. These were
the only areas where a minor change in vegetation was
found. For mangrove, the occupied area differ from -2%
to 0.5% when adopting the dynamic SSC. For saltmarsh
areas the changes were about of -0.8% to 9%.

4. Conclusions

This study showed that the adoption of a fluctuating SSC
in the boundary condition might change the modelled
accretion values significantly, compared to simulations
using a constant SSC value. This variation is linked to
hydrodynamic factors and the average sediment load
available. However, no significant changes in the
vegetation were found within the simulated period.
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1. Introduction

Salt marshes are worldwide affected by relative sea-level
rise (RSLR), caused by both subsidence and eustatism. If
vertical accretion is sufficient, salt marshes can keep pace
with RSLR; otherwise, lack of sediment input can eventu-
ally lead to marsh drowning and plant death, transforming
these landforms into tidal flats and subtidal platforms.
However, it is not yet clear what is the mutual role and
relative contribution of intense storm events and standard
hydrodynamic conditions in terms of sedimentation. In-
deed, in tidal environments with no fluvial sediment in-
put, resuspension due to intense meteorological events
can represent the major source of sediment for salt marsh
accretion (Day et al., 1998). Here we present field ob-
servations and related analyses aiming at describing sed-
iment deposition dynamics and vertical accretion rates of
salt marshes, revealing the role of intense storm events.

2. Methods

We selected three different sites in the Venice Lagoon,
Italy: San Felice (SF), Sant’Erasmo (SE), and Conche
(CO) salt marshes (Figure la). Subsidence at all these
study sites ranges between 1.0 and 2.0 mm yr~!, and the
rate of sea level rise is of about 2.0 mm yr‘l, for a total
rate of RSLR of about 3.0-4.0 mm yr—! (Carbognin et al.,
2004; Strozzi et al., 2013). For similar salt marshes in
the Venice Lagoon, the accretion rate between 1993 and
1995 was estimated to be about 3.0 mm yr~! by Day et al.
(1998).

The SF study site is a sandy-rich soil salt marsh in the
northern part of the lagoon, close to the Lido inlet. The SE
and CO salt marshes, located in the northern and south-
ern part of the lagoon, respectively, are more rich in silt
and organic matter and they are both exposed to the action
of wind-waves generated by the Bora wind, the most in-
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Figure 1. (a) Location of the study sites in the Venice
lagoon, Italy. Position of the transects in (b) San Felice
(SF), (c) Sant’Erasmo (SE), and (d) Conche (CO) study
areas. (e) Sketch of a measurement station.
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tense and morphologically significant wind in the Venice
lagoon, blowing from North-East.

At each study site, we considered different transects (Fig-
ures 1b, ¢, and d) and for each of them we installed three
measurement stations located respectively at 2.5 m, 7.5 m,
and 27.5 m from the salt marsh margin. We equipped each
station with an artificial marker horizon laid down on the
marsh surface to measure the vertical accretion, and two
sediment traps for measuring the short-term sedimenta-
tion (Figure le). The material deposited in the first sedi-
ment trap is collected monthly or after any single storm,
meanwhile sediments deposited in the second one are col-
lected once a year, in order to compare sediment depo-
sition dynamics at short (single storm event) and annual
time scales. Following the approach proposed by Roner
et al. (2016), we measure accretion rate, grain size distri-
bution, organic and inorganic content.

3. Results and Conclusions

The field campaign is still ongoing, and, since the begin-
ning in October 2018, already two intense storm events
occurred at the end of October 2018 and in December
2018. A preliminary analysis of our field data suggests
that during intense storm events sediment deposition over
the marsh surface can exceed the deposition occurring in
several months characterized by standard hydrodynamic
conditions. Furthermore, sedimentation seems to increase
in the inner part of the marsh during storm events other-
wise it mainly concentrates close to the margin. The anal-
ysis of sediments deposited on the traps will help us to re-
late sedimentation patterns to the eco-morphological salt-
marsh characteristics and to further understand the rela-
tive contribution of severe storms.
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1. Introduction

Models of vegetation evolution on coastal wetlands
responding to expected sea-level rise scenarios are
common in landscape simulation studies and coastal
management plans. These modelling tools consider that
wetland vegetation depends on the prevailing
hydrodynamic conditions based on empirical evidence
collected both on saltmarsh and mangrove studies.
Vegetation preference to hydrodynamic conditions has
been described as a function of local values of depth
below mean high tide (D), tidal range, hydroperiod or
elevation with respect to the tidal frame. In previous
models the hydrodynamic simulation of the flooding
attenuation effects is extremely simplified or ignored.
Vegetation roughness in tidal flats reduces depth and
maximum inundation extent but increases ponding, so it
affects both inundation depth and hydroperiod. Local
man-made flow restrictions in tidal flats and channels
also contribute to flood attenuation in a similar way.
Hydrodynamic attenuation effects due to levies, culverts
and other man-made tidal modifications are not
considered in detail in any of the existing models.

2. Methods

Our simulation approach (Rodriguez et al., 2017; Sandi et
al., 2018) couples a hydrodynamic model with vegetation
rules based on preference to hydrodynamic conditions. It
also includes soil accretion in vegetated areas for the
long-term  simulations. The model incorporates
attenuation effects due to vegetation resistance using
Manning’s coefficient, and due to man-made restrictions
using discharge coefficients. We then use the time series
of local water levels to compute inundation depths and
hydroperiods required by the vegetation rules. Hypoxia
limits establishment for saltmarsh for values of D>30 cm.
Oxygen availability and accumulation of phytotoxins in
soils determine a suitable hydroperiod range for
mangrove from 0.1 to 0.5. Once the vegetation cover is
determined, a new run of the hydrodynamic model is
performed on the modified domain.

3. Results

We present some results from a sub-tropical coastal
wetland located in the Hunter estuary of SE Australia
presented in Fig. la. The flow is heavily controlled by
infrastructure, which includes 10 active culverts and
bridges over an area of 1.2 km?. Vegetation comprises
mudflats, tidal pools, A. marina mangroves and S.
virginicus — S. quinqueflora mixed saltmarsh (Fig. 1b).
We first verify the model accuracy comparing vegetation
measurements (Fig. 1b) with our model results (Fig. 1c).
In order to assess sea level rise effects, we run continuous
simulations for 60 years. We incorporate wetland surface
elevation gain based on local measurements, and consider
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a sea-level rise rate that corresponds to the IPCC ARS
PCP8.5 scenario.
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Figure 1: Simulation results a) study site, b) measured
vegetation 2004, c) predicted vegetation 2004, d,e,f)
predicted long-term vegetation at 2024, 2044, 2064.

By 2024 there is a minor migration to higher ground in
both mangrove and saltmarsh communities as a result of
increasing depths and hydroperiods (Fig 1d), which
compensates vegetation losses due to the increase in the
size of tidal pools. The next two snapshots at 2044 and
2064 show more pronounced vegetation losses due to an
increase in permanently inundated areas that have long
hydroperiods and are also becoming deeper (Fig. le,f).

4. Conclusions

By incorporating hydrodynamic attenuation effects, our
model is able to predict an initial vegetation distribution
that closely matches observations. As a result of sea level
rise, mangrove is adversely affected by the increasing
hydroperiods, while saltmarsh is displaced by mangrove
and by the increasing depths. The final distribution of
vegetation consists of mangroves fringing a large central
tidal pool with remnant saltmarsh in the periphery, which
agrees with the typical pattern observed in sub-tropical
wetlands.
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1. Introduction

Salt marshes provide important natural habitats, mitigate
effects of subsidence and sea level rise and help in coastal
defence (Temmerman et al. 2013). Commissioned by the
municipality of Delfzijl, the EcoShape consortium
obtained the opportunity to carry out a large-scale field
experiment on salt marsh construction as part of their
Living Lab for MUD. Through testing of different initial
conditions and sowing glasswort seedlings valuable new
knowledge on salt marsh biogeomorphology is obtained.

2. Material and methods

2.1 Study area

The city of Delfzijl, the Netherlands is located to the west
of the middle part of the Ems estuary. It has a mean semi-
diurnal tidal range of 2.99 m and a mean annual
suspended sediment concentration of 90 mg/l. Near
Delfzijl are large areas of sandflats and mudflats, but
land-water boundaries consist of rock protected dikes. A
medium-sized port is protected from wave attack by a 4
km alongshore dam. The municipality of Delfzijl started
a project to enhance the environment and economy in the
region, named Marconi. As part of this project a pioneer
salt marsh is constructed attached to the longshore dam
bordering the port.

2.2. Design of the salt marsh test site

Local conditions prevent a salt marsh of growing
naturally because the bed level is too low and there is too
much wave energy. In 2018 the bed level was raised with
sand obtained from capital dredging in the estuary and a
rockfill dam was built to provide shelter. The new bed
height for the projected salt marshes was set around Mean
High Water level from 1.65 m to 1.05 m in a gradient of
1:140. In the 15 ha salt marsh site we created test plots
delineated with brushwood groynes, Fig. 1. Three plots to
the west differ in shape but all have a surface area of 2.3
ha. These plots have one opening in the groynes. They
differ with respect to the percentage of clay and silt
particles that were mixed through the top 1 m of the sandy
bed resulting in 5, 20 and 50% silt. Three plots to the
south have equal shapes, slopes and sizes. These plots are
1.8 ha (216 x 85 m) in size and have two openings in the
groynes. They also differ in clay and silt percentage and
in half of each of these plots seedlings of glasswort
(Salicornia europaea) were sown. A total of 13,500
glasswort plants were manually collected and cut into
about 100 pieces each. The 1,350,000 plant pieces were
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mixed with sawdust and put in freshwater to germinate.
In May 2019 in each of the 9,000 m? test plots seedlings
were sown with a density of 50 m™.

Legend

« Sedimentation-Erosion stations
— Brushwood groynes
I With glasswort seedlings

[ Without glasswort seedlings

2.4. Monitoring

A two year monitoring programme in 2019 and 2020 will
determine sedimentation-erosion rates, development of
drainage channels, bed height, flooding frequency, and
density & condition of the glasswort seedlings. The
biogeomorphodynamic developments will be analysed
with respect to a.o0. heights, slopes, silt percentages, and
vegetation cover. Instruments include a.0. LiDAR drone,
RTK-DGPS, Sedimentation-Erosion Bars, and Acoustic
Surface Elevation Dynamics (ASED) sensors.

3. Conclusions
The presentation will elucidate preliminary results of the
ongoing research.
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1. Introduction

Saltmarsh-mudflat interfaces around the world show
different morphological patterns and evolutionary
behaviour, depending on local environmental conditions
such as sediment supply, tidal regimes, wave climates,
sea level variations, marsh species and soil properties
(Allen, 2000). Many European and North American
saltmarshes are characterized by marsh-edge cliff erosion
which can show either cyclic behaviour or irreversible
marsh deterioration (van de Koppel et al., 2005). In
contrast, some Asian saltmarshes are under continuous
progradation without the formation of evident marsh-
edge cliffs. Although many authors suggest that marsh-
edge cliffs are erosional features as a result of wave action,
there are also studies that demonstrate that they can be
formed in accretional environments. As a transitional
feature between smooth and cliffed marsh-edges,
saltmarsh ramps of ridges and grooves have also been
widely observed. Recent studies highlight that the fate of
saltmarsh wetlands over the long term is critically
dependent on the marsh-edge dynamics at the interface
between the vegetated and the bare flats. Therefore, the
geomorphology of saltmarsh edges is an important
indicator for wetland stability, providing potentially
useful information to probe regime shifts and assess the
resilience of saltmarsh ecosystems. However, our
understanding on marsh-edge dynamics is still limited,
particularly the regime shift from one type of marsh
margin to another. By developing an exploratory model,
this study aims to gain more in-depth insight into the
physics governing marsh-edge morphologies and hence
predict their bio-morphodynamic evolution under sea
level rise and human interventions.

2. Methods

Taking the interplay between sedimentary, biological and
hydrodynamic processes into account, we developed a
two-dimensional exploratory model by modifying and
extending the one-dimensional model proposed by van de
Koppel et al. (2005), to simulate the formation of
different bio-morphologies at the saltmarsh-mudflat
interface. We refer the reader to van de Koppel et al. for
the detailed equations. The coupled equations governing
marsh biomass change and bed level change are solved.
The two coupled equations were extended by adding bed
slope terms in the bed level change equation and marsh
expansion terms in the biomass change equation. The
sediment deposition and erosion terms in the bed level
equation were also modified to facilitate a more
physically representation of tidal flat morphodynamics.
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3. Results and discussion

Model results indicate that the model is able to simulate
the formation from marsh patches to marginal cliffs. The
geometric parameters of the simulated marsh patches are
statistically comparable to the ones observed along the
Jiangsu coast (Figure 1). The marsh patch-size
distribution follows a power law, suggesting the presence
of self-organised processes (Taramelli et al., 2018). When
waves are stronger and sediment supply is reduced, the
simulated marsh edge is characterised by cliffs which
may be further enhanced by sea level rise. Model results
suggest that the marsh-edge morphology is self-organised
via vegetation engineered biophysical feedbacks. The
biomorphology and associated equilibrium of saltmarsh-
mudflat interfaces are dependent on the delicate balance
between various factors. Ongoing studies are being
conducted to probe the condition for regime shifts from
marsh patches to cliffs.

Batlvnmctry
gt =

]

u

Mnrsh beonusss

i e 200 300 40 5
g

PO 200 300 400 500
Distance {m)

Figure 1. Comparison between the observed and
simulated marsh patches. Left panel: the Jiangsu marsh
patches; right panel: model result.
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1. Abstract

A methodology to measure the flow resistance coefficient
is presented. Different Colombian rivers and an estuary
were studied, the results suggest interesting values for
energy slope, bed stress and other factors whose values
are intriguing.

2. Introduction

Photography, tables and other empirical systems were
used to assess the flow resistance factor, engineering
documents do not take deep care to this factors. The
resistance factor is relevant because from its knowledge
permits to evaluate the depth, velocity, energy slope, bed
stress and sediment transport. All those values are closer
connected through the Flow resistance factor. Manning
value is one of them and its value is connected directly to
the state of turbulence throughout the Von Karman-
Prandtl law velocity.

2.1 Study zone
Figure 1 shows the Colombian map and studied rivers.

Figure 1 Colombian river zone study

3. Methodology
The velocity profile, from an ADCP, in a cross section of
a river can be near the Von Karman distribution velocity

law, as:
zZ

u 1

L=1in(307) (1)
In which u# is the velocity at the z level, u is the
denominated shear velocity, ks is the roughness height
and k the KarmanPrandtl coefficient equal to 0.41, this
law is provoked by a linear distribution of the Reynolds
stresses, and at the bottom its value 7, is

7, = pghS, ()
In which p is the water density, g gravity acceleration and

S 7 the energy slope, also bottom stress can be expressed as:

7, = pu’ 3)
An optimization analysis from the experimental velocity
profile and the theoretical profile, constructing an
objective function as,

2
nfu 1 Z
Flu* ko)=Y | & ——In| 300 || (vVz.u;) (4)
i: u k kS
Optimization process of (4) give us the shear velocity and
the roughness height, given an entire velocity profile. By
using (2) and (3) it is possible to get the friction slope, the
shear stress knowing the water depth at the profile
position. Manning coefficient can be solved by using

Keulegan formula or other relationships. k ; » depends on

the riverbed forms, Manning value is controlled by the
roughness height and of course by bed forms and skin friction.
Manning value is a measure also of the turbulent condition and
then is intrinsic to the sediment transport process.

4. Results
Q(m’/s) e Ks(m)[to(N/m?)|  S«(-) | n(s/m'?)
(m) | (m/s)
Patia 1240 | 4.40 0110 [0.180| 123 |2.85-10%| 0.036
Meta, 450 | 5.3 [0.0807]0.50-[ 651 | 1.9-10% | 0.030
Cabuyaro
Meta, 1500 | 12.0 [ 0.09 | 0.51 | 8.09 | 1.7-10% | 0.034
Cabuyaro
Meta, 1000 | 65 | 0.08 [036| 647 |3.810% | 0.032
Humapo
Meta, 2000 | 7.9 | 013 [ 117 | 168 | 3.5.10% | 0.034
Humapo
Meta, Puerto 050 | 50 |0.084 | 008 | 7.10 | 15104 | 0.028
Texas
Meta, Puerto § 3050 | 95 | 0.080 | 049 | 7.88 | 2.1-10% | 0.032
Texas
Magdalena | 7400 | 772 | 0.13 | 1.15 | 15.58 [2.05.10-4| 0.042
Buenaventura] Lowtide | 9.66 - 3.83 4.04 1.95.10° 0.054
Buenaventural] Hightide | 11.18 - 0.07 0.84 7.62.10° 0.028

5. Conclusions

The results obtained are encouraging and allow much
closer to what happens in the channel. Also involve the
possibility to modify the Karman Coefficient due to the
influence of the sediment transport.
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1. Introduction

Variation in the relationship between water discharge and
suspended sediment concentration (SSC) during floods is
well documented, but much less is known about the dynamics
of the suspended sediment particle size distribution (PSD) —
which exerts important control on the environmental effects
of the suspended load. Here, we report on PSD and SSC data
collected during flood events on the Oreti River on South
Island, New Zealand, using in-situ instrumentation.

2. Methods

The LISST-SL2 (Laser In-Situ Scattering and
Transmissometry, Stream-Lined version 2) instrument was
employed to profile the SSC and PSD in the Oreti River. The
LISST-SL2 is a laser-diffraction particle-size analyzer
mounted in a weighted, streamlined “bomb” that is deployed
into the river from a cable (Czuba et al. 2015).

It was deployed during three flood events (Qmax = 404 - 623
m? s7) at two monitoring sites using a jet boat. At the
upstream site at Wallacetown, the river was confined to a
single channel but was mainly braided further upstream. The
Taramoa site was ~ Skm downstream along a meandering
reach experiencing severe bank erosion. The LISST-SL2
instrument was traversed between the water surface and the
bed, sampling for 1 second bursts at intervals of depth, with
this repeated at five verticals located at the centroids of sub-
sections each conveying 20% of the total discharge (as
determined by a prior discharge gauging using an ADCP).
Manual depth-integrated samples were collected from the
same verticals using a D-49 isokinetic sampler. Two depth-
integrated samples were collected from each vertical; one
analyzed in the laboratory for SSC by filtering technique, the
other analysed for PSD using a Beckman-Coulter laser
diffraction particle size analyser.
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Figure 1: Real-time samples of the concentration, mean
particle size, and velocity measured by the LISST-SL2 in
20% discharge verticals of the Wallacetown and Taramoa
sites with 212.9 m® s'and 233.9 m? s™! flows, respectively.

3. Results

As theoretically expected, SSC and mean particle size

increased with depth on all measured verticals (similar to the

example verticals shown in Figure 1), while the velocity
distribution generally showed a logarithmic profile but not
always. Measurements during the recession of the largest
gauged event (Qmax =623 m’ s!) indicate that the SSC

changed from 298 mg I'! near the water surface to 317 mg 1!

near the river bed in first vertical of the Taramoa site with
233.9 m® s°! discharge. The mean PSD increased from 19.5
pm to 22.3 um through the depth profile. At the Wallacetown
site with 212.9 m? s! discharge, the SSC ranged between 297
mg 1" to 368.5 mg 1" through the water depth profile with
mean size ranging from 19.5 um to 30.7 um.

The PSDs from the two monitoring sites during the 404 m® s™!
flood event showed tri-modal distributions, with a dominant
silt mode and lesser clay and sand modes (Figure 2). The
clay mode showed no change with depth; the silt mode
showed a minor increase with depth; while the sand fractions
increased markedly towards the bed, particularly at the
Wallacetown site. The different sand mode behaviour at the
two sites was probably due to the greater depth and different
at the Wallacetown sampling vertical shown.

The manually sampled SSC and PSD remain under analysis
and will be compared with the LISST-SL2 results in the
presented paper.
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Figure 2: Particle size distributions at different depths
measured by the LISST-SL2 at example verticals at the
Taramoa and Wallacetown sites during the 404 m® s! flood.

4. Conclusion

The LISST-SL2 provided “on-the-fly” measurements of the
variation in SSC, PSD and velocity distribution with water
depth (as shown in Figure 1) that align with theoretical
expectations. After calibration to establish apparent sediment
density, it offers an expedient alternative to manual isokinetic
sampling and laboratory analysis for making accurate
measurements of the suspended sediment load and its PSD
over a cross section.
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1. Introduction

The dynamics of sediment particles moving in close con-
tact with the bed has important implications for many
physical and ecological processes in river channels. The
analysis of the collective motion of particles is typically
carried out from an Eulerian perspective, using formulas
based on empirical relationships that estimate the bedload
flux as a function of bulk sediment and flow properties.
These analytical expressions, however, do not capture
the complexity of the transport dynamics at small scales,
which is driven by nonlinear interactions of the sediment
grains with the turbulent boundary layer, producing trans-
port intermittency (Escauriaza and Sotiropoulos, 2011;
Gonzalez et al., 2017).

The integration of scales of bedload transport and investi-
gations on the emergence of sedimentary patterns require
an answer to two important questions: (1) Does the small-
scale mechanics of sediment motion have an influence on
the flux observed at larger time scales? (2) Can we im-
prove the prediction of bedload transport formulas using
high-resolution simulations?

To improve our understanding of the dynamics of bedload
transport processes, we carry out Lagrangian particle sim-
ulations that capture the details of sediment motion, and
use the results to study the impact on bedload flux at larger
time scales as a function of the Shields parameter.

2. Lagrangian Model of Bedload Transport

We perform direct numerical simulations (DNS) of the
turbulent flow in a rectangular channel with periodic
boundary conditions, using the model developed by
Gonzélez et al. (2017). The solver of the incompressible
Navier-Stokes equations is coupled in a two-way manner
to a discrete-element model (DEM) for particles, which
computes collisions between grains using a point-particle
approach (see Gonzdlez et al., 2017, for details).

We carry out simulations for six different Shields param-
eters T,, maintaining the particle Reynolds number con-
stant, Re’, = 7.0, to retain the statistical properties of the

P
forcing exerted by turbulence on sediment grains.
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Figure 1. Standardized bedload flux for different Shields

numbers 7, as a function of the measurement time.
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3. Upscaling the Bedload Transport Flux

The DNS results are used to compute the evolution of the
bedload flux in time, integrating the sediment mass that
exits the computational domain. As shown in Fig. 1,
for short time scales, the fluctuations of particle transport
produce a significant variability on the standardized non-
dimensional bedload flux. At longer time scales, cases
with lower and higher stresses converge to a constant
flux and the effects of intermittency are averaged out.
For intermediate cases, however, the variability persists
and fluctuations are propagated across scales. A trans-
port law based on a 3/2 exponent overpredicts transport
in the cases that show this irregularity controlled by fluc-
tuations, as shown in Fig. 2 .

!

Figure 2. Results show that a bedload transport formula
with a 3/2 exponent overpredicts the transport rate in
cases when fluctuations control transport.
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4. Conclusions

In this investigation we employ DNS Lagrangian simula-
tions to investigate the effects of small scale processes on
the bedload transport flux. The results show that there is
a critical window, for which fluctuations of particle trans-
port appear at longer time scales, producing an irregular
bedload flux, as observed in plots of standardized trans-
port. In the presentation, we will focus on the statistical
analysis of this critical regime, to propose a new perspec-
tive on the prediction of bedload transport, based on the
insights provided by the high-resolution Lagrangian par-
ticle model.
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1. Introduction

Alpine gravel-bed rivers are complex systems associated
with specific morphologies (bars, riffles/pools, poorly
sorted sediments, possible armouring). They are often
subjected to anthropogenic activities and connected to
ecological and economic issues. Their bedload dynamics
have received much attention these past decades. Many
bedload formulae have been proposed but they often fail
to reproduce the dynamic of such rivers, especially when
assessing low transport rates (Gomez and Church, 1989).
In this paper, we focused on the low transport rate regime
which is mainly driven by bed roughness using laboratory
experiments. Our objective is to better estimate bedload
rate gs at low bed shear stress using detailed information
about bed morphology, which is the key factor to better
understand gravel transport processes.

2. Experimental set-up and Methods

Eighteen tests were performed in the tilting flume of HH-
Lab located at Irstea Lyon-Villeurbanne, France.
Sediment transport experiments were carried out on
different beds: loose (L), hybrid (H), packed (P), hybrid
packed (HP) and water-worked (WW) beds. Beds were
designed to mimic those found in Alpine rivers (i.e. with
diverse degree of arrangements and bedforms at different
scales). For details about bed formations, please refer to
Perret et al. (2018). Tests consist in operating the flume
with a flow hydrograph while collecting transported
gravel at the flume’s downstream end. Bedload rate,
water slope and detailed bed surface topography were
measured during these tests.

Total bed shear stress 7w was computed using the well-
known depth-slope equation. Criteria that describe bed
surfaces were deduced using statistical tools and Bertin et
al. (2018) method to isolate different scales of roughness
from bed elevation measurements (grain, bed structures
and large bedform scales).

3. Toward a new bedload formula

The analysis of bed surface criteria showed that beds can
be divided into two categories: the quasi-flat beds (L, H,
P and HP) and the beds with large bedforms (WW) (i.e.
higher than 10% of the water depth). s was assumed equal
to the effective bed shear stress (used for gravel transport)
for quasi-flat beds since no large bedforms are present.
Among quasi-flat beds, non-organized beds (L) differs
significantly from the arranged and imbricated beds (H,
P, HP) in terms of gravel dynamics. Figure 1 shows the
dimensionless bedload rate ¢s" as a function of the
dimensionless effective bed shear stress z.” for each tests
and highlights the importance of considering bed stability
in bedload studies. We suggest a new bedload model
accounting for bed stability through two key parameters,
namely the dimensionless reference bed shear stress zret”
(inducing gravel incipient motion) and a parameter n
describing bed reactivity to a change in bed friction:

Gs =qsref (T /Tret’)", Where gsref” is the dimensionless
reference bedload rate reached at gravel incipient motion,
and .t and n are function of bed stability that is
characterized here by a combination of bed surface
criteria informing about bed arrangements at the grain
and bed structure scales (i.e. size and magnitude of
longitudinal and transverse bed structures, respectively,
parameters reflecting anisotropy in terms of length and
magnitude between transverse and longitudinal bed
structures and index assessing grain imbrication).
Bedload rate of WW bed was estimated locally
considering the distribution of local bed shear stresses
assumed equal to the effective bed shear stresses and
assuming the mechanisms governing ¢;* are the same as
for quasi-flat beds. We use the new model and account
for bed stability by computing 7" and » using criteria of
the WW bed surface. Results of computed g;* for all tests
are presented in Figure 1 and classified by types of bed
configurations. ¢s" computed with Recking (2010) model
is added to show the interest of using the new model.

O

Figure 1: Comparison between measured and predicted
dimensionless bedload rates. Solid and dotted lines refer
to the new and Recking (2010) model, respectively.

3. Conclusions

We show that bed morphology acts at different scales on
diverse factors (energy dissipation, bed stability)
impacting directly ¢s. Bedload formula accounting for the
bed stability and the effective bed shear stress distribution
is developed using flume tests carried out at low transport
regime. We succeed in evaluating gravel dynamics over
complex beds such as arranged beds with large bedforms.
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1. Introduction

River channels are composed of non-uniform sediment.
The size distribution of sediment particles influences the
riverbed evolution process and stage-discharge
relationship. Simultaneously, riverbed evolution, flood
flow and longitudinal variations in cross-sections have
significant effect on temporal-spatial sediment sorting.
Thus, the present study aims to investigate the sediment
sorting process, river bed evolution and the stage-
discharge relationship during floods in a reach of Seri
River, Shiga, Japan.

2. Methodology

Channel bed evolution, sediment sorting and stage-
discharge relation during floods can be evaluated by
means of numerical computation based on a 2-d depth
averaged flow model and corresponding sediment
transport model (e.g. Ashida and Michiue, 1972;
Egashira et al., 1997), in which thickness of exchange
layer is one of the most important factors. Most of the
researchers treated the thickness of exchange layer as
constant although it changes corresponding to bed shear
stress; i.e. the exchange layer thickness is proportional
to the non-dimensional bed shear stress (z,) (Egashira et
al., 1997). Present study employs two methods for
exchange layer thickness for comparison; one is the
variable thickness proposed by Loc et al. (2006) and the
other is constant thickness. In addition, in order to
investigate dependencies of sediment sorting process on
the functional form of bed-load formula, two different
formulas are employed; a type of 725 (Ashida and
Michiue, 1972) and a type of 72° (Egashira et al., 1997).
The details of the numerical model are explained in
Shimizu and Takebayashi (2011).

3.1 Computation condition

The computational domain of study reach is about 4.2
km long and its bed slope is about 0.006. The reach is
divided into 10521 computational grids with resolution
of about 4m, part of which is shown in Figure 1(A).
Figure 1 (B) shows a flood hydrograph employed in
present simulation, which is reproduced artificially using
a single flood hydrograph computed by 2013 flood event
to investigate a relation between temporal and spatial
changes of bed surface elevation and sediment particle
size distribution around these equilibrium mean values.

3.2 Results

Figure 1(C) and (D) show sediment sorting at (a) and (b)
during T1 and T2 for bedload transport rate proportional
to 715 and 72° respectively. (a) is located on deposition
zone while (b) is on channel centreline as indicated in
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Figure 1: Spatial and temporal sediment sorting (T1, T2:
timing in hydrograph).

Figure 1(A). T1 and T2 are peak and low flood time in
Figure 1(B). Figure 1(D) indicates very active sediment
sorting for computation with exchange layer thickness is
proportional to non-dimensional bed shear stress.

4. Conclusion

The sediment sorting, riverbed evolution and stage-
discharge relationship during flood are discussed based
on data from numerical simulation. This abstract include
part of the results. Sediment sorting depends on the
choice of the bedload transport formula as well as on
treatment of exchange layer. We will verify the results
by conducting field observations.
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1. Introduction

Mountain torrents are often heavily stabilized with
massive concrete drop-structures to reduce bed incision
and the amount of transported sediment during flood
events. These structures lead to fragmented habitat
conditions, need expensive maintenance and fail
abruptly during overload conditions. The general idea of
this research project is to replace these check-dams by
boulder structures that are close to natural step-pool
systems, in function and optical appearance. Flume
experiments were conducted to determine the stability of
man-made step-pool systems. The boulder arrangement
was optimized to achieve maximum stability in terms of
maximum bed slope during flood conditions. It turned
out that the grain size distribution of bed material
significantly influences step stability. Therefore, the
effect of a filter layer (FL) is analysed herein.

2. Experimental setup

The experiments were conducted in a 13.5 m long and
0.3 m wide tilting flume (Kaspar, 2017). Figure 1 shows
the parameters of the tested step-pool configurations,
where the first test run (TR1) was conducted without FL
and the second test run (TR2) included a FL (orange
parts). A unit discharge of ¢ = 0.011 m?/s was applied to
the bed until it stabilized. The discharge was then
increased by Ag=0.011 m%*s and the procedure was
repeated until a critical discharge ¢. was reached.

ddle Sill  gnd Sill
(MS) (ES)S

Figure 1: Side view of the tested step-pool configuration

The characteristic grain diameters of the bed material,
filter material and the step-forming blocks are listed in
Table 1. The large blocks are in the upper range of the
criteria of Raudkivi and Ettema (1982) regarding the
ratio between block diameter and grain size of the base
material. The filter material was selected according to
the criteria of Terzaghi and Peck (1948).

dis dso dsa
[mm] [mm] [mm]
Bed material 0.5 2.2 8.1
Filter material 11.1 13.3 15.1
Step-forming blocks 673  72.6 78.6

Table 1: Characteristic grain diameters.

3. Results and Discussion

Figure 2 shows TR1 and TR2 at unit discharges of
g = 0.034 m?/s each. Inner erosion occurs when the FL is
absent and consequently the blocks are more exposed to
the flow. The use of filter material reduces this internal
erosion, leading to more stable steps. The step-pool
sequences of TR1 remained stable up to a unit discharge
of g.=0.067 m%*s, whereas TR2 failed at g. =
0.089 m?%/s.

Figure 2: a) TR1 without FL, b) TR2 with FL

The failure mechanisms of TR1 and TR2 were not
recorded, because the steps failed almost
instantaneously. It is assumed that the step-forming
blocks slid into the downstream pools in both cases. The
steps in TR1 tended to be less stable during lower
discharges due to erosion of fine material. In case of a
high flood following a smaller flood, the step-forming
blocks in TR1 are more prone to be directly eroded.

4. Conclusions

The use of FL in man-made step-pool sequences reduces
internal erosion thereby increasing the integrity and
overall stability of the steps. Nevertheless, man-made
step-pool sequences might not be able to self-stabilize
after a failure, because the FL may not maintain its
function after step failure.
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1. Introduction

River beds present heterogeneous sediment mixtures un-
dergoing sorting processes during bed load transport and,
as a consequence, the superficial concentration of the sed-
iment fractions develops spatial patterns. Bedload sheets
are sorting waves resulting in rhythmic alternations of
finer and coarser sediments aligned across the flow, char-
acterized by downstream migration and negligible ampli-
tude. The present 1D linear stability analysis addresses
the problem of sorting waves’ formation by investigat-
ing the stability of a uniform shallow-water flow above an
erodible bed composed by a bimodal sediment mixture.

2. Formulation of the problem

The model is composed of the governing equations of
hydrodynamics, consisting in the 1D Saint-Venant and
continuity equations, and the mass-conservation sediment
model, consisting in a simple three-layer model which im-
plement the concept of the "active layer’ of Hirano. A dis-
crete grain size distribution composed by just two sizes in
the same proportion is considered, whereby the finest and
the coarsest grain diameters are, in the sedimentological
phi-scale, equally distant from the average grain size of
the mixture. By doing so, two Exner-like equations are
obtained for the sediment phase. Once the equations are
linearized, an algebraic eigenvalue problem is obtained.
In the case of quasi-steady approximation the eigenvalue
problem reduces to a quadratic eigenrelation, whereas in
fully unsteady conditions (i.e. fully coupled equations) a
rank-four eigenvalue problem is obtained.

The interaction between the flow and the erodible bed
drives two distinct modes of instability, each one char-
acterized by its own wavespeed, growth rate and lon-
gitudinal wavelength, each one involving spatial varia-
tions of both grain size density and bed elevation. We
named the two modes of instability bed wave’ and ’sort-
ing wave’, and the two related eigenvalues ’bed eigen-
value’ and ’sorting eigenvalue’. The bed eigenvalue is
associated with the formation of bed forms with a small
amount of sorting along the unit wavelength, the sort-
ing eigenvalue with the formation of sorting waves with a
small variation of the bed elevation along the unit wave-
length. The former is then related to the modifications
of the bed form induced by the presence of the heteroge-
neous mixture, such as the accumulation of finer (coarser)
material at the crests (troughs) or viceversa. The latter is
associated with the formation of the low-amplitude sort-
ing waves, namely bedload sheets.

3. Discussion of results

Only the sorting eigenvalue is found to be unstable, con-
firming that the 1D shallow-water model is unable to de-
scribe the formation of bed waves; indeed only a more

refined rotational flow model can capture the dynamics of
dunes and antidunes.

Sorting waves propagate downstream faster than bed
waves, confirming both the mathematical analysis by
Stecca et al. (2014) and the experimental observations on
bedload sheets (Whiting et al., 1988; Nelson et al., 2009;
Recking et al., 2009). Moreover, the order of magnitude
of the ratio between bed wave celerity and sorting wave
celerity depends on the nondimensional thickness of the
active layer as in Stecca et al. (2014). Two regions of
positive growth rate are found for the sorting eigenvalue,
one for subcritical flows and one for supercritical flows;
this outcome is in accordance with experimental studies
which monitored bedload sheets in subcritical conditions
(Kuhnle et al., 2006) as well as in supercritical conditions
(Recking et al., 2009). Both the unstable regions (Fr < 1
and Fr > 1) are bounded, then the analysis encompasses
an adequate mechanism of wavelength selection. This
does no longer apply for macroroughness regime ( very
low values of the Chézy coefficient, namely large grain
diameter with respect to water depth), neither for condi-
tions where suspended sediment transport is likely to oc-
cur (very large values of the Chézy coefficient).

4. Conclusions

A 1D linear stability analysis of flow above an erodi-
ble bed composed by a bimodal sediment mixture is per-
formed. Sorting waves resembling bedload sheets are
found unstable. Results confirm that the perturbations as-
sociated with the sorting eigenvalue propagate faster than
those associated with the bed eigenvalue.
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1. Introduction

The knowledge of the main mechanisms governing the
plastic transport by rivers to the sea is fundamental to
develop appropriate measures to reduce the impact of
plastics in the fresh and marine water environments.
Transport phenomena of plastic particles in the ocean
have been fairly studied (e.g. Zeng, 2018), while little
attention was devoted to plastic particle movement in
rivers.

Transport processes of plastic particles in rivers are
important to quantify the volumes of plastic delivered by
the rivers to the sea. In order to better understand these
processes, we need to quantify the effect of shape, size
and density of plastic particles on fall velocity, which is
naturally related to the transport processes of suspension,
deposition and re-suspension.

For the above reasons, we conducted several laboratory
and field experimental activities both for quantifying fall
velocity of micro-plastic in a still water column, for
separating plastic particles from natural sediment, and for
monitoring the amount of plastic carried in suspension
during flood events.

2. Preliminary results for settling velocity

We conducted laboratory experiments for measuring
settling velocity of different source of plastic particles:
mixed plastic pellets, PVC irregular fragments, PET
irregular fragments, PET regular fragments.

The settling velocity W was measured via image analysis
of falling particles in a water column. The drag coefficient
Cd is calculated according to the procedure by Camenen
(2007) and Song et al. (2017).

Plastic particles behave differently in accordance with
shape, size and density. For each set of samples, the
model develops a linear or exponential correlation
between W and Cd with an error R>>0.98.
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Figure 1: Predicted settling velocity versus drag
coefficient, for 4 types of plastic particles.

Additional experiments are currently ongoing, regarding
the settling dynamics of mixtures of plastic and natural
sediments.

3. Monitoring of plastic particles in the Arno
River

A monitoring activity was started at the water treatment
plant for producing drinking water in Florence, which
withdrawals the water directly from the Arno River. The
main goal of this activity is quantifying the amount of
plastic which is transported in suspension by the river.
The samples are collected in the withdrawal channel of
the Publiacqua plant in Florence, by the use of sampling
bags with a mesh opening of 250 um.

3. Conclusions

This research summarized the results of the experimental
and monitoring field activity conducted for a better
understanding of transport processes of plastic particles
in rivers. In particular, the experiments on settling
velocity can help in defining the influence of particles
shape, size and density on the suspension processes,
including the effects of the presence of mixture with
natural sediments, while the field activity can produce a
sound estimate of the amount of suspended plastic
particles during low and high flows.
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1. Introduction

Floodplain deposition is often assumed to occur
throughout the duration of overbank floods. However,
the constraints on sediment availability in the upper water
column of a river in flood are limited. On the Trinity
River, Texas, USA, a sand-bed meandering river, we
constrained the volumes of deposited sediment on natural
levees that flank the river cutbanks. Levee growth is
captured using two elevation difference maps for 2015-
2011 and 2017-2015 and compared to estimated volumes
of suspended sediment advected onto the floodplain
during extended floods. Exploring the link between in-
channel sediment availability and levee deposition better
constrains transfer processes from the channel to the
floodplain.

2. Methods and Results

2.1 Change using repeat lidar surveys

Deposition on levees was measured using two lidar
difference maps for time periods: 2011-2015 (47 flooded
days in 1 event) and 2015-2017 (104 flooded days in 6
events). Natural levees were manually defined along the
cutbank of each river bend and their extents (Figure 1
white lines) generally coincided with the areas covered
by small levee channels. Deposition was observed
to be focused at the distal ends of levee (Figure 1),
indicating that overbank velocities were too large to
deposit significant amounts of sediment along the levee
crest closest to the main channel. The deposition amount
during 2017-2015 was an order of magnitude larger than
for 2011-2015.
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Figure 1. Levee deposition (levee extent outlined in
white line) between 2017 and 2015 for one river bend.
The deposition is focused at the distal levee, which
coincides with the ends of levee channels.

2.2 Observed grain size variability on levees

A total of 117 sediment samples collected from six levees
were collected, from the levee crest to its extent, and
analyzed. The grain sizes of these levees neither fine away
from the river nor downstream along the survey extent.

The D5 on the levees is 123um with a Dgy of 224 um
and a Do of 33 um. Most levee deposits are composed
of coarse silt — fine sand, preserving ripple stratification.

2.3 Estimating in-river available suspended sediment
for levee sedimentation

River-bed samples and estimates of flood velocities
were used to find sediment concentrations and volumes
available for transfer out of the channel and onto levees.
The grain size of the river bed (D19 = 194um, Dsg =
322um, Dgp = 532 um) is significantly coarser than
the levees such that the finest sediments on the levee
are not observed on the river-bed. An estimate for
suspended-sediment concentration by grain size was
made throughout the floodwater column by calculating
Rouse concentration profiles. The top 1m of the water
column and its estimated sediment were allowed to
inundate the floodplain. Estimates for the sediment
volumes transferred from each river bend were made
using the constant calculated sediment concentration, a
measured flow velocity across the proximal levee, a
cutbank length, and the known inundation duration.

3. Conclusions

Modeled estimates for the volumes and grain size of
sediment transferred from the river to the floodplain were
directly compared to levee measurements. The calculated
sediment volumes overestimate measured levee additions
by two to three orders of magnitude in a sample river
bend. In addition, the sediment constructing levees was
noticeably enriched in sand compared to the estimated
distribution of fines moving out onto the floodplain.
Based on our field observations, deposition
measurements, and modeling, we find that: 1. sediment
concentrations are not constant during a flood period,
given the overestimation of sediment volumes; 2. sand-
sized sediment is supply-limited not transport-limited on
levees; and 3. natural levees are composed of sediments
that are coarse enough to have overbank transport
restricted to levees, yet fine enough to have sediment
concentrations in the uppermost portion of the flooded
river water column sufficient to build levee deposits.
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1. Introduction

The hydraulics of mountain channels is still less studied
and understood than in alluvial rivers. However, the
turbulence produced by a highly energetic flow (steep
slope) in a bed of coarse grain size with a low relative
submergence causes deep erosions that often have to be
alleviated by the hand of man.

The present study aims to shed light on the mechanism
that triggers the initiation of the movement of these
particles in steep slopes flows and highlights the
importance of the turbulent parameters associated with
the flow, for a stochastic treatment of the problem.

2. High slope streams

The hypothesis made in this investigation is that in
mobile-bed rivers with steep slopes, channel hydraulics
and bed morphology interactions avoid Froude number
to exceed the unity. According to Grant (1997),
competent, high-gradients streams with beds ranging
from sand to boulders typically achieve an equilibrium
adjustment between the flow, sediment transport and
channel morphology at or near critical flow. Thus,
critical flow condition itself may be both a threshold
condition and a state of flow regime.

Most of researches use some form of Shields diagram to
describe the threshold motion condition. However, the
critical shear stress from Shields diagram does not
consider the streamwise component of gravity acting on
particles (Chiew y Parker 2010). In this study a new
force balance model (Figure 1) is developed taking into
account bed slope (o).
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Figure 1: Conceptual balance model scheme

Furthermore, steep slope flows turn out to be highly
turbulent; the variables of the flow suffer strong
fluctuations. This generated turbulence has great
implications; therefore the consideration of a constant
dimensionless Shield coefficient might be no longer
valid. Since the discovery of the so-called ‘“Bursting
events” by Kline (1967), an interest appeared in relating
these coherent structures to the beginning of the
movement. The concept is based on considering the
pairs of instantaneous velocities (u', w'), longitudinal
and vertical respectively. The latest findings have
provided evidence that not only the magnitude of the
turbulent forces acting on the grains is decisive, but also
their duration of application Diplas et al., (2008).

3. Conceptual model
The conceptual model includes an energy scheme of the
particles to evaluate the critical impulse (Ir) necessary
for their mobilization and the obtaining of the impulse
signal exerted by the flow on the particles (I;).As
Fernandez (2019) defines, I is the minimum impulse
necessary to set the particle in motion, and is calculated
from the new force balance. [; is calculated considering
the Reynolds shear stress  (-pu'w"), force per unit area,
as responsible of sediment transport, it is possible to
consider that whilst a bursting event remains inside a
quadrant (pulse) the direction of the applied stress (Tx,)
is the same, this with the same sign (Fernandez 2019).
Once I, and I; have been obtained, they can be
compared. An impulse rate (Imp.R) is defined as the
probability that an impulse exceeds the critical value,
thus each time that I;>I is fulfilled, the particle (Dx)
receives the necessary energy to be displaced, and
therefore all Dy particles are mobilized, whereas if I; <,
they remain in its place.
4. Conclusions
A new conceptual model is developed in order to assess
the threshold of motion in steep slope flows; it considers
streamwise components of the forces applied in the
particle and the concept of critical impulse, to consider
the fluctuations of the Reynolds stress in the threshold of
motion of the particles in steep slopes rivers.
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1. Introduction

Sediment budgets, based on the laws of mass
conservation, are essential tools in the analysis of
geomorphic change and prediction of response to
potential changes in streamflow sediment supply. Such
changes may be caused by upstream water development,
landscape change, or changes in climate.

Accurate sediment budgets are, however, difficult to
construct because of issues associated with measurement
error (Wheaton et al., 2010) and/or sampling design
(Grams et al., 2019). These issues are particularly
problematic when the signal of the sediment budget is
small relative to the total flux of the river system.

We exploit temporally rich and spatially comprehensive
measurements of sediment transport and morphological
change to reveal the sampling effort that is required to
estimate meaningful sediment budgets. We do this in the
framework of a signal-to-noise ratio (SNR), wherein
signal is the sediment budget and noise is the spatially or
temporally propagated uncertainty. We provide examples
from repeat measurements from over 140 km of the
Colorado River in Grand Canyon collected spanning a
period of six years.

2. Methods and Analyses

Flux-based sand budgets were computed from continuous
measurements of stream flow and suspended-sediment
concentration and grain size measured with acoustical
instruments calibrated to conventional suspended-
sediment samples. Morphological sand budgets were
computed from repeat maps of river bathymetry and
topography measured by multibeam and singlebeam
sonar, and topographic surveys with total stations. We
mapped approximately 70% of the active river channel
within the study area, comprised of unvegetated sandbars,
eddies, and channel segments. The remainder comprises
areas of shallow, turbulent water in the channel and dense
riparian vegetation, and rapids/riffles which are assumed
to be stable.

The high temporal resolution flux data and the spatially
extensive morphological measurements were
downsampled to simulate “subsampling” noise that
would arise by varying sample frequency and spatial
extent. To evaluate the effect of sample frequency on the
estimated flux-based sand budget, we resampled the 15-
minute suspended-sand concentration record at a range of
sample intervals, increasing from 15 minutes to more than
30 days, in 15-minute increments. The sand budget signal
was taken to be the sand mass balance based on the
original 15-minute record. Noise was computed as the
difference in upper and lower envelope of the resampled
sand mass balance per sample interval.

To evaluate how reductions in spatial coverage affects the
morphologic sediment budget, we divided the maps of

morphological change into 100-m long streamwise
segments and subsampled the measured sand storage
change from a random selection of those segments,
incrementally increasing from one to all segments. The
signal was computed from 1,000 iterations of the random
subsample as the absolute value of the morphologic
change, and the noise was the sum of unsigned
morphologic changes in the segments not included in the
subsample. The noise caused by measurement uncertainty
was computed as the sum of uncertainty for each
randomly selected subsample based on measurement
method.

3. Conclusions

Uncertainty can severely limit the utility of computed
sediment budgets. Uncertainty associated with
measurement methods accumulates and, in the case of
flux-based sediment budgets, often causes the budget to
be indeterminate within a few years. In the case of
morphological  sediment  budgets, measurement
uncertainty accumulates spatially and may also
overwhelm the signal. Uncertainty is also contributed by
spatial and/or temporal sampling design. Analysis of
signal-to-noise ratio of large datasets can be used to
estimate the spatial and temporal sampling strategies
necessary to compute meaningful sediment budgets, also
accounting for measurement uncertainty. For the
Colorado River in Grand Canyon, daily sampling of
suspended-sand concentration is required to determine
the sand budget with SNR >1, and sub-daily sampling is
required to achieve SNR >2. We also show that repeat
morphological measurements comprising at least 50% of
a river segment are required to estimate the budget with
SNR>1. Achievement of SNR>2 would require
substantial reduction in measurement uncertainty and
robust spatial sampling.
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1. Context and objectives

Many mountain and piedmont regulated rivers present
steady vegetated alternate bar systems responsible for the
degradation of their ecological quality as well as the
increase of flood risk because of channel obstruction.
This mainly arises as a consequence of the anthropogenic
modifications over the last two centuries (e.g. Serlet et al.,
2018) which have impacted on both, the hydrologic
regime and the sediment supply. During major floods,
massive deposits of fine sediment occur on gravel bars,
and favour the riparian vegetation growth and so the bar
stabilization (Figure 1). In order to optimize river
management strategies aiming at preventing bar
colonization by plants, a better understanding of fine
sediment dynamics (storage and re-suspension) on gravel
bars during varying hydrologic events (natural flood and
reservoir flushing) is necessary.

deposits, woody debris and vegetation development.

In 2018, a field campaign was performed during a
reservoir flushing in the Isére River (France) in order to
collect a comprehensive dataset which strongly benefits
the calibration and validation procedure of hydro-
morphodynamic model. The purpose of this investigation
is to model the erosion, transport and deposition
processes of fine sediment, at reach scale, during this
flushing event.

2. Study site and field measurements

The Isére River is an Alpine regulated gravel-bed river
located in South-Eastern France. Its flood regime is
pluvio-nival and impacted by hydroelectric structures.
The flow discharges for 2 and 10-year floods are 209 m*/s
and 345 m®/s, respectively. The study reach is about 100-
m wide between dikes, and extends over 3 km up to
upstream of the Arc-Isére confluence. The bed slope is
0.0016 m/m. The Dso is approx. 24 mm, 180 pm, and 50
um for coarse, non-cohesive (2-0.063 mm) and cohesive
(<0.063 mm) sediments respectively. The average

suspended sediment concentration (SSC) is less than 1 g/1
but can reach up to about 10 g/l during major floods.

During the flushing event, time series of water discharges
and SSC were recorded downstream the dam as well as
point measurements of current velocities, settling
velocities, grain size and bedload fluxes. In addition, pre-
and post-event measurements were performed including
aerial photography, topo-bathymetry, fine-sediment
deposit characterisation, geomorphic observations and
vegetation monitoring.

3. Numerical modelling

Flow and sediment transport simulations were computed
using the open source TELEMAC-MASCARET suite of
solvers (www.opentelemac.org) with the finite element
method. Hydrodynamic is solved through the 2D depth-
averaged shallow-water equations, with closure
relationships for turbulence and roughness effects.
Morphodynamic is accounted by solving both the
sediment transport processes with semi-empirical
relationships for sediment river capacity, and the bed
evolution through the sediment mass balance equation
(Villaret et al., 2013).

4. Conclusion and perspectives

The simulation of the 2018 reservoir flushing at the study
reach was first performed to wvalidate the hydro-
morphodynamic model and its parameterization. The next
stage consists in examining the effects of different
environmental forcing (e.g. bed morphology, water and
sediment supplies, macro-roughness elements) on the fine
sediment dynamics. Finally, new scenarios of reservoir
flushing will be tested, aiming at reducing the fine
sediment deposit.
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1. Introduction

Fluvial bedforms generate a turbulent wake that may
impact the settling rate of sediment particles suspended in
the passing flow (Allen, 1965; Chang and Scotti, 2003).
While the nature of this impact is not well understood, nor
is it resolved in most models of river or bedform
morphodynamics, it has been shown to influence the
settling trajectories and the deposition patterns upon the
proximal channel bed and therefore may play a role in
river channel evolution. The objective of this study was
to investigate how turbulence influences settling sand-
sized sediment particles and assess how that influence
may impact sediment deposition in a sand-bedded river
channel.

2. Methods

We used one-dimensional (1D) and three-dimensional
(3D) numerical modeling to quantify how turbulence
modified the vertical velocity and settling rate of sand-
sized particles. We employed a 1D model to investigate
the impact of isotropic turbulence on particle settling and
focused on quantifying the effect of non-linear drag on
settling velocity. We employed a 3D model to investigate
how realistic bedform-generated turbulence, which was
simulated using detached-eddy simulation (DES) in
OpenFOAM, impacted particle settling and deposition
patterns. In the 3D modeling analysis, the model resolved
the impact of a bedform that was based on a dredged
borrow pit in a lower Mississippi River (USA) channel
bar, which altered the flow field in a manner similar to a
large natural dune. The 3D modeling scenarios varied bed
morphology, inlet flow velocity, and the simulation of
turbulent fluctuations in the flow field (i.e., turbulence
was turned ‘on’ or ‘off’) to test the impact of a range of
turbulence intensities on particle settling.

3. Results and Discussion

Our results from the 1D model show that isotropic
turbulence, due to the non-linear drag effect, reduced
sediment-particle settling velocity by up to 40 % for the
range of turbulence intensities tested. However,
(isotropic) turbulence intensities indicative of high
Mississippi River discharges reduced settling velocities
by less than 15 %, which was predicted to only have
minor influence on sediment deposition patterns in a
river channel (Fig. 1). In our 3D model, the bedform
generated a turbulent wake that was predominately
composed of eddies with significant anisotropic
properties. Sediment particles entering the turbulent
wake experienced mixing due to interaction with the
eddies and became relatively diffuse throughout the flow
column. Both bedform-generated turbulence and
background turbulence contributed to the reduction of
particle settling rates relative to the settling rates
predicted in the absence of turbulence. The results of our
3D modeling predicted that the resolved turbulence

reduced sediment deposition within the model domain
by 21 % (17 % due to bedform-generated turbulence, 4
% due to background turbulence). Further, the 3D model
predicted that turbulence reduced sediment deposition
produced from the reduced flow velocities in the
dredged borrow pit by nearly half. These results suggest
that the turbulence created by the morphology of the
dredged channel was a substantial control on the
sedimentation occurring within it. Our results provide
enhanced understanding between the interaction of
suspended sediment and bedforms and how that
interaction may influence the evolution of the
downstream channel bed.
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Figure 1: Predicted sediment (a) settling and (b)

deposition with and without consideration of 1D isotropic

turbulence. When anisotropic eddies were resolved using

the 3D DES model, settling was further reduced.
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1. Introduction

Measurement of fine sediment stock within the river
corridor is an essential step for sediment transport and
river morphodynamics understanding. Fine sediments
are indeed involved in several processes: bar stabiliza-
tion through coarse matrix clogging and vegetation de-
velopment, channel erosion and thus inundation risk in-
crease...River managers need to reliably estimate the
amount of fine sediments (clay, silt, sand). However,
this requires tedious field work. Image-base method have
been implemented to remotely make this estimation (Car-
bonneau et al., 2004; Camenen et al., 2013), but their
application remains difficult and often site- and period-
specific. This abstract presents a new method for deter-
mining fine sediment deposits on the gravel bar surface.

2. Data and preprocessing steps

Time-lapse cameras were installed on top banks, attached
to tree trunks in order to observe temporal variation of
surface characteristics of a gravel bar. A part of a gravel
bar with fine sediment deposits lays within their field of
view. The image ground resolution varies from 1 to a few
centimeters, depending on the distance to the camera.
Preprocessing steps are carried out: (1) camera calibra-
tion (2) camera pose estimation, with Ground Reference
Points (GRPs). The pose estimation has to be performed
for each image since the trees appear to be slightly mov-
ing due to wind (3) orthorectification in the bar plane, to
get equal ground pixels and display both image and seg-
mentation results in QGIS. Figure 1 shows the resulting
image.

3. Image processing methodology

The first step consists in removing the spatial low fre-
quency part of the image to enhance the coarser parts of
the bar. After converting the image in HSV color space,
a fast Fourier transform is performed on the Value chan-
nel and a high pass filter is applied in the Fourier space.
Back in the image space, a k-means clustering in 4 classes
(3 for the sediment types, 1 for pixels outside the bar) is
done along with a smoothing of region shapes.

Results are compared to a manually extracted ground
truth map of the bar from the same image.

4. Results and conclusion

The obtained results (Figure 2) show very precise accor-
dance with ground truth. More than 92% of fine sedi-
ments in the ground truth classification are correctly la-
belled as fine sediments by the presented method. Fur-
thermore, it yields more natural segmented regions com-
pared to square patches. This work will now be applied
to get temporal evolution over more than 2 years of image
acquisition, in order to understand the fine sediment dy-
namics during flood events. It is also planed to use UAVs
imagery in order to extend the surveyed areas.
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Figure 1. Orthorectified image

Figure 2. Sediment segmentation. Black: fine sed., dark
grey: sed. mix, light grey: coarse sed., white: no sed.

-110 -



Towards a channel morphology for optimal sediment transfer
C. Carbonari'?, A. Recking? and L. Solari'

! Dipartimento di Ingegneria Civile e Ambientale, Universita degli studi di Firenze, Firenze, Italy.

costanza.carbonari @unifi.it

luca.solari @unifi.it

2 UR ETGR IRSTEA/Université Grenoble Alpes, Saint Martin d’Heres, France.
alain.recking @irstea.fr

1. Introduction

Gravel bed rivers are self-formed channels in coarse al-
luvial substrata; their dynamics results from the feedback
between the flow and the morphology through sediment
transport, which essentially occurs as bedload. Gravel
bed rivers also present bed surface and subsurface sedi-
ment heterogeneity, these streams being typically charac-
terized by poorly-sorted sediment grain size distributions
and planimetric and vertical sorting patterns. In gravel
bed rivers complex morphodynamic feedbacks have been
identified between river morphologies and bedload trans-
port (Francalanci et al., 2012; Recking et al., 2016), lat-
eral confinement and river morphologies (Garcia Lugo
et al., 2015), channel geometry and sediment sorting.
Through a physical modeling approach we investigated
the effect of lateral confinement on gravel bed rivers mor-
phology, sediment sorting dynamics, and bedload trans-
port rates.

2. Material and Method

The experiments were conducted in a 6-m-long flume
with a maximum width of 0.5 m. The slope of the flume
was fixed at a value of 3.18%. The flume bed consisted
of a layer of the bimodal sediment mixture used for the
inlet solid discharge (coarse fraction (dsp= 1.8 mm) and
fine fraction (dsp= 0.7 mm) 60% and 40% of the mixture,
respectively). We performed constant feeding rate con-
ditions both for water and solid discharge (Q = 0.55 l/s
e Qs = 8 g/s). We performed three long runs differing
from one another in respect of the lateral constraint: the
1st, 2nd, and 3rd run had a width value of 0.5 m, 0.25
m, and 0.12 m, respectively. In run 1 and in run 2 the
flow was low constrained: the channel could wander in
the large alluvial bed, actually reproducing a self-formed
channel; whereas in run 3 the flow was confined. For the
whole duration of each run, we monitored the granulo-
metric composition of the bed surface, the average bed
slope, the outlet solid discharge, and the active channel
width. Hydraulic measurements such as the flow depth
and the flow velocity were performed as well.

3. Discussion of results

The observations from each individual run provided in-
formation concerning active channel and planform vari-
ations, both in the planimetric and altimetric directions,
together with planimetric and vertical sorting; and a spe-
cific issue of run 3 alone was the occurrence of bedload
sheets whose monitoring confirmed the observations by
Recking et al. (2009).

All the configurations showed large fluctuations of the pa-
rameters characterising the bed system in terms of bed
sediment composition, slope, active channel width, and
sediment transport rate. The analysis of such parame-

ters allowed for defining feedbacks among morphological
variables.

Vertical sorting occurred only in the narrow-flume exper-
iment, whereas in all the tests planimetric sorting took
place, but in different ways depending on the flow con-
finement: in the narrow-flume experiment the planimetric
sorting was only longitudinal and characterized by longer
spatial scales with respect to low confined configurations.
The comparison of the three runs revealed different mech-
anisms of bed storage and release of sediments: indeed
the channel bed, and the planform in those cases where
the channel wandered in the mobile layer of sediments,
stocked and released sediments with different mecha-
nisms, intensities, and characteristic periods. Moreover
the sediment storage and release process was related to
the variability of the bedload transport rate (in terms of
amplitude and frequency of the fluctuations around the
mean value). Precisely we identified the channel configu-
rations with a relevant sediment storage and release cou-
pled with an highly varying downstream sediment trans-
fer; on the other hand, when the sediment storage and re-
lease was less important, the downstream sediment trans-
fer was more constant. We extrapolated this argument to
typical morphologies of gravel bed rivers towards a chan-
nel morphology for optimal sediment transfer.

4. Conclusions

In the context of gravel bed rivers’ physical modeling, we
carried out a set of flume experiments reproducing flows
over a bimodal sediment mixture and considering three
different flow confinements. The three different lateral
confined flow configurations presented a different degree
of bed complexity as well as differences in bedload trans-
port rate fluctuations associated to different magnitude
and mechanisms of bed storage and release of sediments.
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1. Introduction

Reservoirs are needed for many fundamental tasks like
agriculture, drinking water supply, flood protection, and
energy production. For each of the listed demands, sus-
tainable management of the reservoir is of great impor-
tance in designing the storage volume of water. However,
sedimentation threatens this storage volume worldwide
(Schleiss et al., 2016). In addition, a reduced retention
volume due to sedimentation might also increase the dan-
ger potential of floods (Reisenbiichler et al., 2019).
Numerical models are widely accepted for designing new
reservoirs and dams or to develop management strategies
at existing dams to counteract sedimentation (Annandale
et al., 2016). Such models can accurately represent real-
ity and give reliable predictions. However, accurate and
complex (e.g. two- or three-dimensional) models require
great computational efforts. Furthermore, achieving an
optimal design or evaluating different management strate-
gies requires multiple long-term simulations for differ-
ent scenarios. In that case, simplified 1D models were
still applied. To provide an alternative, our work presents
the application of a data-driven method for predicting bed
level change along a river section including a hydropower
plant.

2. Objective

The study’s objective is to develop a data-driven,
Artificial-Neural-Network (ANN) to predict future
riverbed level changes only based on the available and
measurable inputs. This approach can greatly reduce
computational cost compared to conventional numerical
models, without losing accuracy. Furthermore, the de-
signed network can be considered as an easy-to-use-tool
for stakeholders, unlike numerical models.

3. Methodology

This task can be classified as a time series prediction prob-
lem, where the future state of a system depends on its pre-
vious state and specified input. The training and testing
data for the network are obtained from conventional nu-
merical simulations for different flushing operations, see
Figure 1. By selecting different, heterogeneous flushing
schemes for training, ANN capable of predicting other
untrained flushing schemes and the resulting riverbed.
While training the network, a so-called series-parallel or
open loop architecture is selected, where the network
states are adjusted in a way that the network outputs
match the given data, see Figure 2 on the left. Here the
external input u(t) contains information regarding the de-
fined flow including the water depth and discharge. The
additional input y(t) and output y(t+1) are the riverbed el-
evation. For further predictions, the best performing net-
work architecture is applied and transferred to a so called
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Figure 1. Four tested different flushing schemes during a
flood wave.

parallel, or closed loop configuration, on the right side
of Figure 2, where the network uses the predicted output
y(t+1) as input for the next iteration.
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Figure 2. Training in open loop (left) and prediction in
closed loop (right) architecture.

4. Conclusions

The proposed ANN-based tool is be a promising alterna-
tive to conventional methods for sediment managements
at rivers. The advantages of this approach are that it per-
forms with the accuracy of a state-of-the-art 2D hydro-
morphological model and has low computational require-
ments, as well as being able to work on standard comput-
ers.
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1. Introduction

Many check dams were built in the past to deal with the
vast amounts of sediment. However, these check dams
become threats to the long-term ecology and sediment
transport continuity with the passage of time and
reduction in sediment yield. The unchangeable check
dam structure cannot easily cope with rapidly changing
sediment transport, therefore, the effective adjustment of
check dams is currently an important issue in Taiwan.
This study integrated historical aerial images and
topographic surveys by UAV were used to analyze the
variation of sediment yield and channel bed elevation in
the Landao Creek.

2. Study area

Landao Creek is a strongly
erosion river. The length
between the comb dam and
the confluence of Landao
Creek and Beigang River is
about 700 m, average 10m
wide channel, and the
average slope of the
channel bed is about 10°.

reduction of 2.5 m of the comb dam
(2016/1/31)

storage upstream the dam were

storage upstream the dam were filed e aenterre]

Typhoon Mindulle in 2004 and Typhoon Morakot in
2009 caused debris flow over the dam. The sediment
supply from the upstream collapse has gradually
decreased with time, decreasing the sediment transport to
the downstream. In order to consider the balance of
sediment transport along the river, the flume experiment
and numerical simulation were conducted to choose the
best case to execute in the field. The central two pillars
were lowered down by 2.5m in 2015 for the balance of
sediment transport.

3. Research method and analysis result
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In 2010, the longitudinal profile showed significant
sedimentation volume behind the comb dam. To increase
storage upstream the dam, the central two pillars were
lowered down by 2.5m in December 2015. The sediment
deposited upstream of the dam moved to downstream
obviously, and the elevation difference reached 3m in
2017, then heavy rain resulted in the sediment deposited
upstream scour 1~2m in June.

Longitudinal profile of the comb dam at
upstream of Landao Creek

In 2010, there was a narrow channel (<5 m) at the center.
Due to the reduction of 2.5 m of the comb dam, the center
developed a 10 m wide channel in 2016. Sediment
transport was reworked after dam adjustment. In 2017 the
main channel expanded to 15 m, and rainfall events
gradually eroded the riverbed. The adjusted comb dam
has gradually restored the natural sediment transport
balance in the Landao River.
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historical aeria'; imagery of Landao Creek

Historical satellite images were used to estimate changes
in the area of the landslide area upstream. The landslide
area was a sporadic distribution in only 5.5 ha in 2001. In
2005, several small landslide sites have combined into a
big area about 9 ha, induced by the typhoon Mindulle in
2004. The total landslide area reached its peak in 2007
(13.8 ha). In 2014, it was reduced to 7.8 ha , that seem to
have entered a period of decline.

20011022

single channel revegetation

9 ha landslide area

Historical satellite images of the landslide area upstream

4. Conclusions
Based on the debris flow scale and feature, the
permeability of dams should be changed accordingly to
promote sediment balance along rivers, and then to
increase the ecological continuity of streams. During the
period of low sediment yield, the beams of check dam can
be adjusted to promote sediment transport downstream.
The experimental adjustment of the dam has successfully
proved the possibility of adjusting the check dam with the
variation of sediment transport. However, the more
positive thought is how to design a check dam that can be
adjusted according to the variation of transported
sediment before building the dam.
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1. Introduction

We have conducted experimental investigation on
sediment transport occurring on riverbed with extremely
wide range of sediment grain sizes. Such riverbed can be
seen in river reach just downstream of a dam. Riverbed
materials are generally divided into three grain sizes
groups of sediment; large particles that cannot move at
all, medium particles that can move as bedload, and small
particles that can move as suspended load. We have called
these groups L-, and M- and S-particles respectively, and
carried out fundamental experiments in which each group
is represented by only one particle size. Based on the
experimental results, a riverbed of actual river has a
continuous grain size distribution, so the experiment was
conducted under the condition that M-particle group
consists of various grain sizes.

It is important to consider hiding effect of L-particles in
understanding such sediment transport phenomena.
When M-S particles are transported, an exposure degree
of L-particles increases. As a result, the shear force acting
on M-S particle becomes smaller. With reference to the
research of Ashida and Fujita (1986), we proposed an
equation for evaluating this hiding effect. In this paper,
we summarize the results of the static equilibrium state
when sand or gravels are not supplied from upstream.

2. Experimental Materials

Experimental materials are as follows. Alumina balls
with a grain size of 50 mm (specific weight is 3.98) are
used for L-particles. Glass beads with a sediment
diameter of 1 to 5 mm whose specific weight is 2.5 are
used for M-particles, and silica sand having a diameter of
0.21 mm and a specific weight is 2.65 for S-particles. The
dimensionless critical tractive force (critical Shields
number) of M-particles is t*uc = 0.050, 0.050, 0.047,
0.042, 0.066 in descending order of the sediment grain
sizes, and the settling velocity of S-particles is wos = 0.025
(m/s).

3. Characteristic of riverbed with extremely wide
range of sediment grain sizes
3.1 Hiding effect of cobbles
The hiding effect given by L-particles is expressed by the
following equation by focusing on the static equilibrium
state of riverbed which composed of two grain sizes
groups; L-M and L-S bed.

A/D, = a x (Hi? —1)05 (1)
where A; is the vertical distance from the top of L-
particles to the center of M- or S-particles exposed on
riverbed surface, and the hiding coefficient H; is defined
as the ratio of the friction velocity acting on M- or S-
particles u*; to the average value u* acting on the entire
bed surface. Also, a proportional constant a is 0.3.

L-particle

S-particle
Figure 1: Schematic diagram of riverbed structure from
side (bedload gravel group consists of (a) only 3mm and
(b) 1-5 mm particles).

M-partic

3.2 Vertical structure of riverbed

Furthermore, we briefly explain the vertical structure of
L-M-S bed. Firstly, when M-particle group consists of
one grain size, it was found that a layer composed of M-
particles (M-particle layer) only was formed on the
surface of riverbed as shown in Figure 1 (a). The
quadrants in this figure represent L-particles, the circles
correspond to M-particles, and the light grey portion are
S-particles and the void space. Based on this, when
conducting another experiment set in the case where M-
particle group consists of various grain sizes, M-particle
layer similarly appeared. In addition, when we see the
bottom elevation of M-particle group with different
particle sizes, it was found that vertical sorting as roughly
equal level occurred as shown in Figure 1 (b).

4. Conclusions

We conducted fundamental experiments focusing on
sediment transport phenomena in riverbed which contains
cobbles that cannot move by water flow. As a result, we
proposed an equation that shows the hiding effect of
cobbles. Examination of the vertical structure of riverbed
revealed that the bottom elevation of the particle is
uniform when the sediment which can move as bedload
has various sizes.
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1. Introduction

The Riverbed is commonly subjected to erosional
mechanisms. One of the most important of them is
abrasion by bed load (Sklar et al., 2004).

Analytical and experimental studies have already been
undertaken related to abrasion by bed load, mostly on
straight channel. Recently, studies have also been
conducted in curved channel using annular flume. In
annular flume, under equilibrium state of flow, the
sediment forms transverse slope along the inner wall
because of the secondary flow (Ikeda S., 1974).
Instability leads gradually to regular deposition patterns
of the sediment (Engelund F., 1975), and erosion mainly
occurs in moderately covered bed portions (Taguchi et
al., 2017). The bed near the outer bank is on the other
hand exposed; erosion by abrasion occurs there as well,
but has likely received few attention. even if curved
channel constitutes most part of river course and even if
abrasion on exposed bed also contributes to the bed
erosion.

In this study, we focused on abrasions on the exposed
bed along the outer bank in curved channel, here studied
in annular flume.

2. Methodology

The actual study is composed of two main steps. First,
experiment run, and then photogrammetry analysis.

The experiment was carried out using annular acrylic
flume with rectangular cross-section. The experiment's
run is similar to the one described in Engelund's paper
(1975), the flume settings are alike as in Taguchi's work
(2018) but with bedrock made of gypsum. The flume
characteristics is as following: average radius - 45cm,
width - 10cm, maximum depth - 18cm. The rotation of
the top lid, also made of annular acrylic plate, on the
water surface permitted to generate the flow within the
flume. And the experiment settings are: bed thickness -
6cm, sand grain - 2.5kg - 2.62g/cm3, 90.515mm, water
depth - 5cm, and top lid rotation velocity - 40rpm.

The photogrammetry was mainly used for data
processing: imaging the bed surface, images
reconstruction  using  photo-coordinate  system,
vectorization and photo interpretation, and data analysis.
3. Preliminary results

Apart from the main bed incision around the boundary
between covered and exposed bedrock, described in
Taguchi's work (2017), erosion by abrasion on the
exposed bed is observed (figure 1).

The present result is obtained after 48 hours of
experiment run. The photo-interpretation permitted to

highlight two forms abrasions on the exposed bed:
smooth elongated and thin linear abrasions.

~== Abrasion
Taoskon (Tagwcdi § et al, 2015) 9 25 ] 5 Cm

Figure 1: Abrasions on the exposed bed, near the outer
wall.

3. Conclusions

Two forms of abrasions on the exposed bed are

observed:

e Smooth elongated abrasions resulted from fluid
flow and bed interaction

e Thin linear abrasions resulted from bed, sand
grains, and fluid flow interaction

Both are directed toward the inner bank. In addition, the

second type of abrasions increases from the outer to the

inner bank, geometrical characteristics.
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1. Introduction

Wide seasonal water level fluctuations in rivers affect
hydrologic, ecological and morphological processes
(Alsdorf et al. 2000). One example of the importance of
changes in riverine water-surface elevation is the role
they play in bank erosion and associated channel
migration. There are many observations that suggest that
variations in groundwater elevation due to seasonal or
flood-related stage changes produce seepage and pore
pressure anomalies that can enhance or directly cause
bank failures. The objective of this study is to develop a
numerical model that considers groundwater table
variations and to test and validate the modeling approach
using data from a field survey.

2. Methodology

In this study, we present field observations on Bolivian
rivers that are tributaries to the Amazon River. The study
site is located in the city of Puerto Villarroel in the
Department of Cochabamba, Bolivia. These rivers are
characterized by very sinuous meandering shapes and
active, rapid channel migration. The Ichilo and Sajta
Rivers are considered in the work here.

2.1 Field Survey

Using Landsat Imagery from 1985 to 2016 from Google
Earth Engine, we observed the meander migration rates
of different rivers and decided to visit these two Bolivian
rivers, which meet in a confluence near the city of Puerto
Villarroel, as shown in Figure 1. River morphology of the
reaches was mapped using images acquired by an
unmanned aerial vehicle (UAV). The data was acquired
during one-day field campaign during the rainy season on
February, 2019. The data obtained from the UAV was
processed and Digital Elevation Models (DEMs) and
orthomosaics were created. Typical active river meander
morphology such as river cut-off development and
abandoned patterns of river channels were evaluated
using the orthomosaics and the DEMs. Erodibility of the
banks was measured using the pocket erodometer
following the procedure described in (Bernhardt and
Leclair 2012).
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Figure 1: Location of the area of study Source: Modified
Copernicus Sentinel data (2019)/Sentinel hub

In addition, one cross-section of velocity distribution and

depths were measured using an Acoustic Doppler Current

Profiler (ADCP) by the Laboratory of Hydraulics of the

University Mayor of San Simon (LHUMSS). The intent
of'this initial data collection was to provide an assessment
for a second, more intensive field campaign to be
performed in May 2019.

2.2 Numerical model

The main focus of the model discussed here is to include
the water table variation in the banks within an existing
model for flow, sediment transport, and bed evolution in
rivers (Nays2dh, Asahi et al. 2013). In our approach, the
groundwater table is considered in terms of the continuity
equation and Darcy’s law. We use both 2-d and 3-d
formulations to explore the importance of three-
dimensional effects, such as the convergence of ground-
water flow lines near concave banks. Using the time-
varying flow and water-surface elevation field from the
Nays2dh model, the groundwater model along with
assumed diffusivity allows computation of the
groundwater recharge as well as the effect of enhanced
pore pressure on the river banks during falling discharges
(and water levels). The importance of this effect is
strongly dependent on location within a channel bend and
the rapidity of discharge decrease relative to the bank
permeability. For banks with very low permeability, the
effect is negligible. Similarly, for banks with very high
permeability (meaning ground water can “follow” the
riverine stage changes), the effect is small. However, for
an intermediate range of permeability and for reasonable
stage changes, the effect can produce failure where a
simple failure-plane type force balance would otherwise
indicate stability. We compute the failure plane using the
limit equilibrium method calculating the lowest safety
factor. This analysis shows the potential importance of
the groundwater pore pressure and also indicates the
spatial extent of the greatest effect, which is in good
agreement with observations of bank failure.

3. Conclusions and future work

For certain conditions, the water table variation can have
an important effect on meandering migration rates. Our
current efforts are directed at using the coupled
groundwater/surface water model to reproduce long term
meander migration including this effect.
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Models of landscape evolution provide insight into the ge-
omorphic history of specific field areas, create testable
predictions of landform development, demonstrate the
consequences of current geomorphic process theory, and
spark imagination through hypothetical scenarios. While
the last 4 decades have brought the proliferation of many
alternative formulations for the redistribution of mass by
Earth surface processes, relatively few studies have sys-
tematically compared and tested these alternative equa-
tions.

We present a new Python package, terrainbento 1.0, that
enables multimodel comparison, sensitivity analysis, and
calibration of Earth surface process models (Barnhart
et al., 2018). Terrainbento provides a set of 28 model pro-
grams that implement alternative transport laws related to
four process elements: hillslope processes, surface-water
hydrology, erosion by flowing water, and material prop-
erties. The 28 model programs are a systematic subset
of the 2048 possible numerical models associated with
11 binary choices. Each binary choice is related to one
of these four elements—for example, the use of linear or
nonlinear hillslope diffusion. Terrainbento is an extensi-
ble framework: base classes that treat the elements com-
mon to all numerical models (such as input/output and
boundary conditions) make it possible to create a new nu-
merical model without reinventing these common meth-
ods. For example, Figure 1 shows how alternative bound-
ary conditions influence simulation results.

Terrainbento is built on top of the Landlab framework
such that new Landlab components directly support the
creation of new terrainbento model programs. Terrain-
bento is fully documented, has 100% unit test cover-
age including numerical comparison with analytical so-
lutions for process models, and continuous integration
testing (Barnhart et al., 2019b). We support future users
and developers with introductory Jupyter notebooks and
a template for creating new terrainbento model programs
(Barnhart et al., 2019a).
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Figure 1. Example model output from terrainbento 1.0.
Model domain is 1x 1.6 km and uses 10 m grid spacing.
Each panel represents topography at the end of a
200,000 year simulation run with the terrainbento model
Basic (dt=500 years). Models were initialized with
topography of 1000 m and open flux boundary
conditions only to the south. The west, south, and east
boundary elevations were progressively dropped during
the simulation. In the upper panel (A), the boundaries
drop more rapidly at the beginning of the simulation than
at the end. In the lower panel (B), the reverse is true such
that the boundaries drop more rapidly at the end of the
simulation.
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1. Background

The presence of thresholds and non-linear processes
between sediment transport regimes have the potential to
lead to catastrophic change in the river morphology
(Baynes et al, 2018). Recent analogue model
experiments identified that the morphodynamic response
of an alluvial river to a change in the balance of the input
sediment supply and river sediment transport capacity
was generated by above threshold supercritical flow
(Froude number > 1) (Baynes et al., 2018). The potential
importance of interactions between flow hydraulics and
erosion processes have also been inferred in bedrock
canyon settings. Constrictions in the canyon morphology
can generate vertically plunging flow fields that focus
energy onto the canyon floor (Venditti et al., 2014; Hunt
et al., 2018), potentially leading to a localised areas of
erosion. However, the quantitative understanding of the
generation, interactions and feedbacks between hydraulic
and geomorphic processes is currently limited, especially
during the response of a river system to a high magnitude
event, such as a large flood or landslide (e.g., An et al.,
2017). Here, we present a suite of physical modelling
experiments that aim to identify and quantify the
processes that drive the evolution of river
morphodynamics in response to a sudden input of a large
volume of sediment (e.g., a landslide) under a variety of
hydraulic conditions. The study highlights the
interactions between the flow hydraulics and the
morphodynamics.

2. Physical modelling approach

Experiments were performed in a fixed width (450 mm;
Fig. 1) flume in the Water Engineering Laboratory at the
University of Auckland, set up to replicate conditions in
a reach of a bedrock-constrained river channel (i.e., a
canyon). Gravel was fixed to the flume floor to provide
bed roughness, while the flume walls were clear plastic,
simulating smooth bedrock canyon walls and allowing
visualisation of the flow and sediment from the side.
Initially, a large volume of sediment relative to the water
depth was placed in a single location in the flume to
simulate a landslide deposit, and the subsequent pattern
and rate of removal of the sediment from this pile was
monitored using cameras and particle tracking software.
A variable valve at the upstream end of the flume allowed
a range of different hydrograph scenarios to be tested,
exploring the impact of variable flow regimes on the rate
and pattern of sediment transport.

Dye was introduced to the water flow at the sediment pile
to allow visualisation of the impact of the sediment pile
and the sediment transport on the evolving flow
dynamics. This evolution provides evidence for the co-
evolution of flow hydraulics and geomorphic processes

during the response of the system to the large sediment
input, including the identification of vertically plunging
flow around the initial sediment pile, and whether the
different hydrograph regimes had a significant impact on
the flow conditions. The characteristics of the initial
sediment pile included a non-uniform grain size
distribution, replicating the true nature of possible
landslide deposits in a natural environment.
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Figure 1: Schematic diagram of the experimental set up,
with dye highlighting the flow hydraulics around the
sediment pile.

3. Conclusions

The preliminary experiments presented here show the
potential for physical modelling experiments for
highlighting the role of hydraulic-geomorphic
interactions in driving the potentially non-linear response
of river morphodynamics to extreme perturbations (e.g.,
a landslide).
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1. Introduction

Above-ground root structures are ubiquitous in mangrove
forests and provide substantial drag to currents and waves
propagating through these systems. Creeks can improve
the hydraulic conductivity of mangrove systems,
providing low-resistance conduits for the tidal prism to
propagate into and out of the intertidal area.
Consequently, the presence of creeks in mangroves may
reduce the total attenuating capacity of the system, while
improving the transport of suspended and dissolved
matter. In this work we address the effect of mangrove
vegetation on the tidal hydrodynamics in an ephemeral
creek catchment with no terrestrial fresh water input,
located in the Whitianga estuary in New Zealand (Fig.1).

, R Tl O
Figure 1: Low tide at the creek entering the study site.

2. Data collection

A series of acoustic instruments was deployed throughout
the creek channel (800 m long) and within the mangrove
forest, to monitor spatial changes in the velocity profiles
over a 10-day period covering spring and neap tides. Co-
located elevation, vegetation and sediment data were
collected to provide insight into the drivers of the
observed tidal dynamics.

3. Results

3.1 Tidal asymmetry

Tidal stage-velocity curves show that, during flood tide,
peak (depth-averaged) velocities occur at increasing
water levels for higher tides; whereas during ebb tides
velocity maximums occur when water levels are just
above bank-full stage regardless of the tidal amplitude
(Fig.2a). These differences between tidal phases are
caused by (i) decreasing impact of vegetation roughness
for deeper inundations of the surrounding mangroves on
flood tide and (ii) the impact of delayed drainage from the
mangrove platform on ebb tide.

2.2 Drag coefficients

Examination of the forcing terms in the momentum
equation shows that inertia is insignificant. The depth-
averaged momentum balance in the along-creek direction
is:

922 = —Cpulul/h (1)

where 7 is water surface elevation, x is along-creek
distance, u is depth-averaged velocity, % is water depth
and Cp is the bulk drag coefficient. Accordingly, Cp is
computed by fitting linear trends to measurements of
gdn/dx and ulu|/h.

Obtained drag coefficients show significant variations
with tidal stage (Fig.2b). During flood, Cp shows a slight
decrease with water levels exceeding the bank level.
When the tide reverses, the drag coefficient increases
rapidly, reaching a maximum as the water level drops to
the bank level. Observed Cp-values for overbank stages
range between 0.01-0.05 during flood, but can reach
~0.15 during ebb. These drag coefficients agree with
values approximated from collected vegetation densities
on the creek banks (cf. Baptist et al., 2007) and reflect Cp
values found in previous studies (Mullarney et al., 2017).
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Figure 2: (a) Stage-velocity curves with maximum tidal

flood and ebb velocities (white and black dots) and (b)

drag coefficients, 300 m inland from the creek mouth.
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3. Conclusion

We resolve temporal variations in the drag coefficients
observed at 7 stations along the full length of the creek.
Linking these spatio-temporal variations to both the
geometry and vegetation of this mangrove creek system
—parameters that can also be easily obtained/extracted for
other mangrove creek systems— enhances our
understanding of hydrodynamic feedbacks between
intertidal mangrove forests and their creek systems.
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1. Introduction

The estimation of sand transport in large rivers is a com-
plex task since bedload or suspended load may prevail
depending on hydrodynamic conditions and because sedi-
ment transport capacity may be affected by an insufficient
sediment supply. A challenge is first to sample suspended
load due to strong vertical and lateral gradients and such
direct sampling, though necessary, has a prohibitive cost
and cannot provide high frequency estimates. Topping
and Wright (2016) developed a physically based method
for high frequency measurement of suspended-sand con-
centration and grain size based on side-looking acoustic-
Doppler profilers (HADCP) deployed at different sites on
the Colorado River. We propose here to use a sediment
rating curve to evaluate sand-transport capacity and val-
idate its potential use for long-term sediment budget in
comparison to field experiments and as a complement to
the acoustical approach.

2. Material and methods

We study the U.S. Geological Survey gaging station of the
Colorado River above Diamond Creek, AZ, USA, where
side-looking acoustic-Doppler profilers were installed to
estimate continuous sand fluxes and grain size char-
acteristics (https://www.gcmrc.gov/discharge_qu_
sediment/station/GCDAMP/09404200). Calibration
and validation of the methodology is presented in Topping
and Wright (2016). As a comparison, a simple sediment
rating curve was set for the Diamond Creek station fol-
lowing Camenen et al. (2014). A stage-discharge relation-
ship has been calibrated using a set of discharge measure-
ments. All hydraulic parameters (such as bed shear stress)
were deduced from this stage-discharge relationship using
measured bathymetry, sand grain-size distribution, etc.,
with the only calibration parameter the bedform-related
roughness length set here as k; = 0.1 m. Using an aver-
age grain-size distribution (GSD), results are in reason-
able agreement with sediment flux measurements (direct
sampling) available at Diamond Creek though over- or
underestimation occurs when GSD differs from that used
in the calculations.

This sediment rating curve was applied to the main events
observed during 2002-2016. Example results are pre-
sented in Fig. 1 where sand concentration based on the
sediment rating curve is compared with the data obtained
from acoustical measurements. Similar observations can
be made from these results, i.e. an underestimation of the
sand concentration by the model during the rising phase
of the flood and overestimation during the rest of the
flood. This confirms previous observations that grain size
of suspended sediment is finer during the first phase of the
flood (Topping et al., 2000), likely due to the remobiliza-
tion of fine deposits accumulated during the low flow pe-
riod and/or coming from upstream tributary floods. Based

on acoustical measurements, one can observe a clear sen-
sitivity of the measured sand flux to the grain size.
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Figure 1. Discharge, sand concentration, and
suspended-sand grain size measured and estimated
during the November 2012 flood on the Colorado River
above Diamond Creek.
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3. Conclusions

The comparison of a sand-transport rating curve and di-
rect measurements using HADCP confirmed a clear fin-
ing of the grain size in most initial parts of flood events
arising from enriched supplies of finer sand. Physically
based sediment rating curves, though difficult to apply in
reaches subjected to sediment-supply limitation, can pro-
vide some interesting results for understanding the sedi-
ment dynamics. We would like to apply this method us-
ing the measured grain size to evaluate periods that are
supply-limited.
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1. Introduction

The processes that connect the hydrodynamics and mor-
phodynamics in the coastal zones are both numerous and
complex. We propose a new approach in the description
of coastal hydro-morphodynamics, based on optimiza-
tion theory. The latter refers to the evolution of a sys-
tem, while systematically searching for the minimum of
a certain physical quantity. Optimization theory applied
to coastal dynamics has previously been developped by
Mohammadi and Bouchette (2014); Isebe et al. (2008);
Bouharguane et al. (2010). Here, we present the approach
by optimization using a linear seabed in a 1D configura-
tion, and the simplest wave-driven hydrodynamics.

2. Hydrodynamic model

The morphodynamic model is based on the assumption
that the seabed evolves in order to minimize a certain
type of wave energy. We therefore need a hydrodynamic
model providing the required wave-related data, in this
case, the wave height H. We have chosen a simple model
based on the following shoaling equation :

1 C0>1/2

Hg = Hy <2nC (D

where H) is the incoming wave height, C the wave veloc-
ity, Cp the incoming wave velocity, and n = % where C,
is the group velocity. We set the wave height H as :

e Hs(x)
H(x) _ Hs(x) if h(x) <YV )
Y h(x) otherwise

where £ is the water depth and 7y a wave breaking index.

3. Morphodynamic model by wave energy mini-
mization

The wave-based function to be minimized is debatable,
and depends on what we consider to be the driving force
behind coastal morphodynamics. We have chosen :

1 [
J::§/O png(x)zdx [J.mil] 3)

where p,, is the water density, g is gravitational accelera-
tion and H is the wave height provided by the previously
described hydrodynamic model. This choice implies that
the seabed y evolves in order to minimize the energy of
the waves preceding breaking. We use the following de-
scent method, which yields the evolution over time of the
seabed y; by following the direction of descent d:

v = —pAd &)

where p represents the mobility of the seabed and A the
impact the waves have on the seabed. The direction d is

driven by the vector Vy,J and indicates the optimal direc-
tion to follow in order to find the minimum of J. Con-
straints have been included in order to incorporate addi-
tional physics into the morphodynamic model. This al-
ters, among other things, the direction of descent d.

4. Results
Taking a linear seabed and a simplified storm profile
yields the following results :

A ((’)

- | —— mean water level
- simulated seabed
|— — initial seabed

Figure 1. Simulated seabed by wave energy
minimization
Two natural phenomena can be observed : the shoreline
has advanced, displaying accretion and the previously lin-
ear seabed has curved, depicting the formation of a sand-
bar (a), a beach step (b) and a berm (c) at the shoreline.

5. Conclusion

In spite of the complex coupling of hydrodynamics and
morphodynamics and the simplicity of the chosen hydro-
dynamic model, we can observe that the numerical sim-
ulation by wave energy minimization reproduces certain
natural coastal mechanisms. A more realistic seabed may
be obtained by experimenting with the choice of J and/or
adopting a more complex hydrodynamic model, as well
as introducing additional constraints to the configuration.
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1. Introduction

As economic thoroughfares, rivers have been engineered
to reduce flooding and ensure navigation. Some rivers
have been engineered for centuries. For example, channel
modifications on the Dutch Rhine River over the last 150
years and have led to a continued channel degradation rate
of 1-2 cm per year (Sieben, 2009).

Channel incision can lead to the deterioration of flood-
plain ecosystem due to the reduced floodplain inundation
frequency, reduced navigability via unequal degradation
in less mobile regions, and a potential for long-term desta-
bilization of flow partitioning between distributaries. As
such, it is necessary to comparatively evaluate available
mitigation measures.

The study is focused on the Rhine River, but the findings
are relevant toward reducing undesired degradation in any
highly-engineered river.

Mitigation Measures
Common practices to control negative impacts of chan-
nel bed incision include: channel naturalization, channel
lengthening (via re-attachment of oxbow lakes), sediment
nourishments, and construction of side channels, longitu-
dinal dams, or bendway weirs. Here, we evaluate three of
these measures to reduce or reverse channel incision:

* side channels

* longitudinal dams

¢ sediment nourishments

2. Methodology

Our analysis is twofold, including an evaluation of field
scale implementations and a numerical investigation of
the relative efficacy for each mitigation measure.

A longitudinal dam pilot study in the Waal River is eval-
uated based on repeated measurements of bed elevation
and bed surface grain size sampling. A pilot study of a
sediment nourishment in the Bovenrijn, just upstream of
the Pannerdens Kop bifurcation, is also evaluated using
results of a bed tracer study and repeated measurements
of bed surface material grain size.

The construction of side channels and longitudinal dams,
as well as sediment nourishments, are then studied with a
1D morphodynamic model that explicitly accounts for the
non-uniformity of the bed material grain size. To evaluate
the effectiveness of each measure we compare changes in
bed elevations and bed surface grain size associated with
different implementation scenarios. In addition, we com-
pare morphodynamic changes relative to various disper-
sal schemes for sediment nourishments, e.g. placing all
sediment in the sediment feed versus dispersing it evenly
across the reach.

3. Preliminary Results

Both field sites are recently implemented and, therefore,
most changes are local. At the longitudinal dam, re-
sults show some upstream aggradation, but the most pro-
nounced changes occur at junction points between dams,
or just downstream of the last dam. The tracer particles of
the sediment nourishment are quickly lost as the deposit
disperses downstream, but the nourishment itself has not
yet reached the downstream bifurcation.

All three implementations are modeled to understand the
magnitude of changes to water flux Q,,, sand/gravel flux
Oy, Oy, and/or channel width B necessary to attain a spec-
ified slope change. For example, a 25% increase in bed
slope can be accomplished by doubling the mean-annual
gravel feed, or by diverting 20% of water and 10% of sand
flux to a system of side channels (thus removing these
quantities from the main channel).

Morphodynamic changes relative to sediment nourish-
ment dispersal scheme are tested by introducing the same
volume of sediment nourishments in a variety of spatial
and temporal patterns. Adding all sediment at the up-
stream boundary is the most effective long-term strategy
for reducing bed degradation, but is ineffective across the
entire domain within engineering timescales.

4. Conclusions

Altogether, our analysis details the performance of these
measures in a relative context. It is useful to understand
the scale and practicality of necessary changes to reduce
bed degradation. Short term changes are observed in the
analysis of field data and further projections can be made
via numerical modeling.
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1. Introduction

Environmental fluid dynamics has the aim to provide the
tools to assess the flow of nutrients required for the life of
the ecosystems, to limit toxic pollutants and to minimize
the anthropic impact. In particular, we focus on what are
the so-called passive tracers, i.e., those substances that do
not produce any change in the dynamics of fluid motion.
In the last twenty years, scientific researchers have been
widely interested in the study of the processes governing
the dynamics of uniform and non-uniform flows in com-
pound channels (e.g., Stocchino et al., 2011; Stocchino
and Brocchini, 2010). Since the river mouth is a transi-
tion environment in which different ecosystems meet, it
is interesting to understand how the mixing processes in
compound channels may be affected by the presence of a
tide.

Figure 1. 3D view of the experimental compound
channel.

2. State of the art

In the last twenty years, many efforts have been done by
researchers in modelling the mixing processes associated
with uniform flows in compound channels. In particular,
the experiments performed by Stocchino et al. (2011) and
Stocchino and Brocchini (2010) have shown that, despite
the three-dimensional character of the flow, the main con-
tribution to the transport processes is associated with the
quasi-bidimensional macro vortices generated in the tran-
sition area, and that the mixing processes in fluvial com-
pound channels are mainly controlled by the exchange of
mass and momentum between the main channel and the
lateral floodplains. Moreover, in a more recent theoret-
ical analysis (Enrile et al., 2018), it has been found that
secondary flows are confined to small regions, close to
the bottom of the main channel, suggesting that a 2D ap-
proach, based on the shallow water approximation, may
adequately describe the main involved processes.

Mixing processes in estuarine systems are driven by a
variety of further mechanisms, including density-driven
flows and tidal transport. Moreover, the complex time-
and space-varying nature of estuarine hydrodynamics

makes quantifying and analysing mixing process in estu-
aries challenging (a.o., ?). Here we focus on the processes
involving the dispersion in an unstratified tidal channel of
finite length.

3. Methods and results

The most common way to analyse mixing processes is
from a Lagrangian point of view. For this reason, the
problem will be approached experimentally, performing
a series of empirical observations in the physical model
of the Laboratory of the University of Genova (Figure 1).
The experimental apparatus consists of a 29 m long tidal
channel, closed at one end and connected to a rectangular
basin, representing the sea, at the other end. The main
channel has a rectangular cross section with a landward
decreasing width, and it is bounded laterally by two tidal
flats (overall model width=2.42 m). A specific tidal forc-
ing is provided to the compound tidal channel through
the sea, by the periodic motion of an oscillating cylin-
der inside an adjacent feeding tank. These first series of
experiments are performed with a fixed bed. Bed rough-
ness will be scaled in order to correlate the mixing pro-
cesses with the characteristics of the sediments eventu-
ally lying on the bed. Free surface velocity fields in the
basin and in the compound channel are acquired through
PIV measurements (particle image velocimetry): an op-
tical method consisting in the measurement of the veloc-
ity field by means of tracer particles. Particles trajectory
measurements on the surface will be analysed in order to
obtain information on the dispersion rates and on the ef-
fect of the unsteadiness of the flow on the Langragian co-
herent structures. A systematic and detailed study of the
picture emerging from these experiments together with
the possible implications in the modelling of estuarine en-
vironments will be presented at the meeting.
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1. Introduction

Detritic sediment supply delivered to rivers is composed
of two components. The first is related sediments coming
from upstream (tributaries, erosion of the catchment area)
and participating to the present fluxes. The second is
composed by ancient fluvial deposits present in the valley
and subject to potential erosion by the river. In several
large river systems of NW Europe, channels flow in
alluvial plains built by sediments deposited since the
Pleistocene. This sediment storage can be considered as a
lever for the restoration of sediment transport continuity
in modern fluvial systems affected by bed degradation,
specifically if the sediment supply coming from upstream
is reduced (e.g. due to the presence of dams).

In the Loire catchment the weak sediment production
suspected in the upstream reaches raises questions related
to the use of the alluvial deposits (alluvial channel, flood
plain and terraces) to restore the system. In function of
river sediment transport capacity, grain size and spatial
distribution of these deposits, one can use geostatistical
analyses to prioritize restoration projects and manage
river incision. This study presents a methodology for the
analysis of fluvial deposits based on geostatistics and
applied on the Loire and its main tributaries. This allows
to localize and quantify sediment storage areas available
for sediment erosion and transport at the basin scale.

2. Geostatistical Methods

The study of the potential sediment supply in the bottom
of the valley is based on the analysis of alluvial
formations.

The geometry of the incised valley was obtained through
geostatistical analyses of depth values extracted from the
BRGM (French National geological Bureau) core drill
database. The new database represent extraction and
homogenization of more than 3400 core drills. Several
interpolation methods exist, kriging-estimators, semi-
variance and variogram, simple kriging (SK), ordinary
kriging (OK), universal kriging (UK), co-kriging (CoK,
CoOK) and empirical bayesian kriging (BK) form part of
the most common methods. The depth of the bedrock
contact is considered as a continuous regional variable
that ranges from zero to fifteen meters. For this study we
applied OK, UK and CoK. For the co-kriging method,
additional surface elevation data was included (Ohmer et
al., 2017) for optimal selection of interpolation methods
for groundwater contouring. All model parameters were
optimized and we choose to assess the accuracy of the
intepolation with cross validation. Cross validation
consist to measure each point wich is sequentially
omitted, and the value at this point is predited by using
the rest of the data.

In the extension of Donsimoni (2008) works on the Loire
catchment we applied the methods proposed by
Deleplancque (2016) to estimate the initial topography
and the thickness of alluvial deposits. This procedure was
applied on several large tributaries of the Loire: the Cher
river from Tours to Vierzon, the Allier river from the
Loire confluence (Nevers) to Brioude and the Loire river
from Nervers to Roanne.

3. Conclusion

This study presents an original combination of database
and a geostatistical numerical modelling. The estimate of
the interface between the substratum and alluvium terrace
is useful to evaluate the volumes of potentially erodible
sediments present in the valley.

This results will be compared with soil occupation
database and with the sediment transport capacity of the
river to guide restoration works of the river quality (space
of river mobility, sediment refilling, channel reopening
and widening of embanked areas).
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1. Introduction

The increasing amount of sediment yield in a reservoir is
a serious problem as this could drastically decrease the
storage capacity of this water body. With changing land
use and intense rainfall events, catchments are subject to
accelerated erosion rates and the transport of the eroded
soil becomes highly possible towards the streams and
eventually the reservoir.

Rainfall is identified as one primary factor affecting
erosion, which through time leads to sedimentation.
Catchments receive varying amount of precipitation each
year and therefore, it is of great significance to analyse
the temporal effect of rainfall on sediment yield. Thus,
this study aims to analyse the long-term effect of rainfall
on sediment transport in Ogouchi Reservoir.

2. Methodology
The study area is the Ogouchi Reservoir, which has a
storage capacity of 185 million m* and was completed on
1957. Its 262.9-km? catchment, has a maximum elevation
0f2,017 m and is dominated by forest cover. It receives a
mean annual rainfall of 1,530 mm.
The 57-year daily rainfall data was obtained from six
weather stations and it was averaged by using Thiessen
method. The annual sediment yield in the watershed was
generated from the reservoir sedimentation data.
To estimate the sediment load transported from the
watershed to the reservoir, Meyer-Peter and Miiller
(MPM) formula in (1) is applied. MPM is used for
quantifying bedload transport in open channels.
qp = 8" — )™ (1
where q; is the estimated bedload volume, t*is shear
stress, and 7. is critical Shields stress.
This equation was modified assuming that sediment
transport in a catchment is driven by rainfall, provided by:
a5 = a{pgS(R — R)}'* 2
where a is the adjusted coefficient, p is fluid density, S is
catchment slope, and (R — R,) is effective rainfall i.e.
difference between actual and critical depth that will
cause sediment transport.
A correlation between actual sediment yield and MPM
estimates was then established using lagging and moving
average methods.

3. Results and Discussion

Figure 1 shows a decreasing trend of sediment yield from
years 1959 to 1965, which cover the early period after
dam construction. The case is reversed for 1966 to 1991
where an increase in sedimentation rate from 180 to 460
m’/km> was observed over the course of 26 years.
Afterwards, the sedimentation rate remained relatively
constant until 2015. No significant relation is found
between rainfall and sediment yield from Figure 1,
therefore the MPM equation was applied.

Figure 2 provides the relationship between actual
sediment yield and MPM estimates for each decadal
group. Using a critical rainfall depth of 30 mm, it was

established that the two-year moving average method
would give a better correlation as against using the actual
data and lagging methods.

Figure 1: Time series of annual rainfall and sediment
yield in Ogouchi Reservoir.
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Figure 2: Correlation of computed and actual sediment
yield in Ogouchi Reservoir every 10 years.

These 10-year correlation plots expressed the difference
in soil erodibility. Since erodibility coefficient, a, of
MPM is fixed, if actual sediment yield becomes high for
a certain MPM value, actual erodibility increases.

Plot of period A is distributed because the topography
survey has relatively larger error just after the
construction of dam and therefore sedimentation data was
not stable. Periods C and D, on the other hand, showed
high erodibility, and then decreased when it reaches
period E. Minimum erodibility was found in period F, as
the Tokyo Metropolitan Bureau of Waterworks had been
intensifying their afforestation efforts. This means that
the soil in the watershed achieved better condition and its
resistance against erosion by rainfall increases.

4. Conclusions

No direct relation was found in time series of rainfall and
sediment yield from 1959 to 2015 for the Ogouchi
Reservoir. However, employing the modified MPM
equation considering two-year moving average method
showed a positive correlation between the two parameters
but relationship is not the same for each decade.
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1. Introduction

Bedload discharge is important to understand the
sediment dynamics in the basin and to verify to numerical
analysis of riverbed fluctuation. The bedload sampler was
developed since 1960's. However, because it was difficult
to install the sampler on the riverbed during high flow,
there was involved uncertain data. In this study, the
authors conducted the field measurement with the MBES
(Multi-Beam Echo Sounder) and ADCP(Acoustic
Doppler Current Profiler) mounted on a manned-control
boat. By using measured data which were bed wave form,
bed migration, we evaluated bedload discharge
measurement methods in actual river.

2. Field observation
The authors conducted to measure the riverbed by MBES
and ADCP at the 3 samples area and 3 times repeatedly
between upstream and downstream.
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Figure 1: Measurement system

3. Result

3.1 Riverbed wave form

The measured shape of the bed wave, the averaged wave
height was 0.30-0.49 m, while the averaged wave length
was 4.4-6.7 m, which gives the height/length of 0.07.
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Figure 2: Riverbed wave form and bed migration

3.2 Bed wave migration

The riverbed migration, 0.05 m/min to 0.08 m/min was
estimated as moving speed of the sand waves using the
space-time image.

4. Bedload discharge

Regarding the bedload discharge, two different methods
were compared. First one is the bed form migration,
which is the function of the wave height and the wave
migration speed proposed by Kikkawa (1985). Second
one is the method using bedload velocity(us) of ADCP
proposed by Koseki et al. (2016) shown in Eq(1) and (2).
(1)

hs
qb=f cru-dz=ays-uphg-cg
0

hs _ 1 . @
d c¢;cosO{tangp, —tanf}

where g,=bedload discharge; ax=correction coefficient
for calculating u, from u; (=0.65); wu;=bedload velocity
by ADCP; hs~bedload thickness; c~averaged sediment
concentration by bedload thickness (%;); d= sediment
particle size(=d60);  ¢,=interparticle friction angle;
O=bed slope; r+=dimensionless shear stress

As shown in Table 1, the both of bedload discharge was
the same order.

Table 1: Bedload discharge

Kikkawa (1985) Koseki(2016)
Sample - 3 3
(x10”m’/s/m) (x10”m’/s/m)
No.1 0.24 0.13
No.2 0.18 0.04
No.3 NG 0.07

3. Conclusions

Regarding to sand wave behaviour, it was able to measure
the sand wave form and wave migration in time series
using MBES.

The authors measured the bedload discharge by bedload
velocity of ADCP without sediment samplers in the
actual river using the method of Koseki et al.(2016).
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1. Introduction

In early-modern age of Japan (from the 17th to the
mid19th century), when strong, continuous levees
were not built, discontinuous levee system was
commonly employed. The system often functioned
well to control floods exceeding a channel capacity
(e.g., Ishikawa and Akoh, 2018). However, the extent
of knowledge for levee openings design in those days
has not been fully clarified.

This study discussed a possibility that the knowledge
for discontinuous levee design had covered even a
long term geomorphological movement, by taking the
case of levee system on the Kurobe Alluvial Fan.

2. Topography of the Kurobe Alluvial Fan

The Kurobe River flows down a stretch of 85 km from
the central mountain range of 3,000 meters high to the
Japan Sea Coast. Large volume of sediment yielded in
the canyon formed a coastal alluvial fan having a radius
of 13 km and an average slope of 1/100 (see Figure 1).
The grey bands represent the old river courses, which
tend to branch in the middle of the fan as well as near
the top of fan. Short solid lines bounding the present
river course represent the levee locations measured at
the end of the 19th century. The upstream section has a
lot of simple levee openings, whereas the downstream
has a series of funnel shape levees which open upstream.
This fact suggests that the engineers of those days
noticed some difference between the two sections.
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Figure 1: Topography of Kurobe Alluvial Fan.

3. Long term geomorphological motion

The J, M and F-planes with open arrows in the figure
are remains of old fans. Their radial profiles from the
present fan top are plotted in Figure 2, where P-plane is
the present one. Carbon-14 dating showed that the order
of fan plane ages is J > M > F > P just the same order as
slopes, which means that the ground of this area has
been tilting with time. According to various field data,
such as the rate of ground rising/sinking, the sea surface
change after the Ice Age and the unconformity under the

seabed, the wvariation from F-plane to P-plane has
continued for the last 10,000 years, though those data
are not presented here for lack of space. The two lines
intersect in the middle of the present fan, which means
that erosion occurred on the upper and deposition on the
lower half of fan. This geomorphological movement was
the cause of the river course changes in the “intersection
zone” located in the middle of present alluvial fan.
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Figure 2: Radial profiles of alluvial fans.

4. Flood flow through levee openings

One possible method to mitigate the river course change
in the middle of fan was to allow an excess water flow
diverge from the channel before the intersection zone,
and return to the channel after the zone. Figure 3 shows
a numerical simulation result for a flood exceeding the
channel capacity. A part of river water overflowed from
an upstream levee-opening, and returned to the channel
through the funnel-form levees with a time lag.
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Figure 3: Flood flow control by discontinuous levees.

5. Conclusions

Engineers of early-modern age didn’t have technology
to build large levees. Instead, they perhaps collected
geomorphological evidences outside of river channel as
much as possible, and tried to control the flood flow not
only in a river channel but also on the floodplain.
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1. Introduction

In rivers where dams are built at upstream, the frequency
of disturbance in rivers decreases. The Satsunai River is
a branch of the Tokachi River in Hokkaido. This river
used to be a braided channel and a gravel bed river.
Forest zones were increasing in the river channel after
dam construction at the upstream. Trees in the river
progressed remarkably, and gravel bars were covered by
the trees. The river environment of the Satsunai River was
changed completely.

Under such circumstances, a large flood attacked this
basin in 2013. Bank erosion and channel shift occurred in
large numbers at the flood, but especially along old
channels (distributary), disturbances occurred. Based on
this result, the Hokkaido Development Bureau planned to
restore old channels in order to cause the river channel
disturbances at the time of floods. In areas where old
channel had already completely disappeared, the
development of rods with artificial sediment supply made
plans to cause river disturbances. However, it was
unknown how to effectively supply artificial sediment to
the disturbance of the river channel. Therefore, we
conducted hydraulic experiments and numerical
experiments to clarify the method of setting the sediment
effectively promoting the development of bars which is
considered effective for the river disturbance. As a result,
it was found that the bank erosion due to the development
of bars would be increased by placing the sediment on the
upstream side of the scouring section of bar. Using this
result, a demonstration field experiment was conducted in
the Satsunai River. During artificial flood in June 2018,
bank erosion in about 10 m occurred at the place where
the setting of sediment was applied. In this research, it is
verified by using numerical calculation method whether
this bank erosion was due to the installation of sediment.

2. Outline of field experiment results

In the site, approximately 100 m’ of sediment
replenishment was installed on the left bank at the middle
reach of the Satsunai River. When an artificial flood
occurred in 2018, bank erosions and channel shifts and
wash out of trees were observed. It is thought that gravel
bars were formed because trees were washed out as the
channel was shifted. Also, bar development and bank
erosion occurred at the downstream of the artificial
sediment supply area. And, the area of bars formed during
this artificial flood in 2018 was larger than those formed
during any of the previous artificial flood. It was found
that the bar development by the artificial sediment supply
promoted the fluctuation of the river channel.

3. Outline of numerical calculation

Nays2DH (http://i-ric.org/) was used in this study.
Reproducibility is confirmed by field observations before
and after the artificial flood from a Satunai-gawa Dam
implemented at the installation of sediment at the middle
reach of the Sataunai River in June 2018. We decided to
understand the impact on the disturbance of the river by
the presence of sediment replenishment. The longitudinal
calculation range was about 1 km including the location
of sediment replenishment. The size of calculation grid is
10 m in the longitudinal direction and 5 m in the
transverse direction. The time step is set to 0.1 seconds
and the Manning roughness factor is set to 0.025.

4. Results

The calculation results show how the degree of
development of bars and the degree of bank erosion differ
depending on the presence or absence of the sediment
replenishment. As a result, bank erosion became more
active by bar development and new gravel bars were
formed in the presence case. Artificial sediment supply
promotes the development of bars and activates channel
shifts caused by bank erosion.

5. Conclusions

This study focuses on bank erosion caused by bars. And
we have investigated effective artificial sediment supply
method using numerical calculation. It has been shown
that it is possible to effectively cause channel shift
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1. Introduction

Sandy coastlines are vulnerable environments,
particularly in the context of climate change and
increasing anthropogenic pressure. Most of the world's
sandy beaches are backed by dunes acting both as a buffer
against the ocean onslaught and providing many
ecosystem services (Nordstorm, 2015). However, most
coasts in the world are highly managed to reduce the
impact of marine and wind erosion, often at the detriment
of vegetation dynamics and natural community diversity.
Coastal dunes in SW France have been reprofiled by
stakeholders in the 70s and 80s, with subsequent
vegetation planting to fix the dune and protect the
adjacent forest from silting. In recent years, the doctrine
of coastal dune environments management has gradually
evolved towards more flexible management restoring
natural dynamic processes. In addition, many managers
suggest that in some coastal dune environments, dunes
maintained as dynamic systems could be more resistant
to marine and wind erosion than fixed dunes, although
this hypothesis has never been studied quantitatively.
Thus, the objective of this study is to better understand
the interactions between physical and biological
processes in coastal dunes.

2. Material and methods

An original experiment was set up on a 4-km alongshore
dune stretch at Truc Vert beach (SW France), where eight
experimental transverse notches (ETNs) were dug in pairs
every 1 km in December 2017. Each pair consists of one
ETN in the incipient foredune and one ETN in the
foredune, in order to stimulate natural dynamics and
restore sedimentary exchanges between the beach and the
dune as coastal blowouts (Hesp, 2002). The high-
resolution morphological evolution of the ETN and the 4-
km of dune has been monitored quarterly using UAV
photogrammetry, with additional pre/post storm surveys
in winter. In addition, 260 measurement points were
placed in 20 transects of 13 survey points. Each transect
extends from the beach to the back of the dune, in line
with the ETN and in a control situation in order to monitor
vegetation composition and abundance, elevation
variations, organic matter decomposition rate, wind speed
and grain size.

3. Results

The first results show a significant erosion of the beach
with a lowering from 1.5 m to 2.5 m locally, driven by the
high-energy waves during the 2017-2018 winter. The
foredune shows an average vertical accretion from 0.4m
to 1.1m locally between the crest and the lee side, with a
slight landward migration (Figure 1). Finally, large sand
deposition fields, with a thickness between 0.1 and 0.3m
driven by aeolian processes, were measured over several
tens of meters on the grey dune, greatly affecting the

vegetation present. Indeed, the abundance and
composition of plant species shows significant seasonal
discrimination based on their resistance to disturbance.
Environmental measures highlight significantly higher
wind speeds, sand deposits and organic matter
decomposition rates behind the ETN in the foredune
compared to ETN in the incipient foredune and
undisturbed areas.

£ Bevs

Figure 1: Zoom onto the 0.5-km alongshore DSM
difference between October, 9 2017 and March, 13
2018. The color bar indicate the elevation difference.
DSM was performed using UAV photogrammetry.

4. Conclusion

The implementation and monitoring of experimental
mechanical disturbances in the Truc Vert beach-dune
system  highlights that notches impacted the
morphological and ecological behaviour of the coastal
dune. Longer term monitoring will provide more insight
into the potential benefit of artificial notches in the region,
with implications from the perspective of coastal dune
monitoring.
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1. Introduction

Hydro-acoustic profilers have emerged as a promising
technology for measuring suspended sediment concen-
tration (SSC) in rivers. Especially, side-looking Acous-
tic Doppler Current Profilers (ADCPs) have been used to
monitor river sediment fluxes, assuming the suspension is
homogeneous along the horizontal profile. Down-looking
ADCPs would be useful for exploring sediment transport
throughout river cross-sections but the inversion of verti-
cal backscatter profiles is more difficult as the suspension
usually varies vertically. We set up an acoustic signal in-
version strategy and applied it to data acquired at various
river sites using a down-looking multi-frequency Acous-
tic Backscatter System (ABS).

2. Inversion method

A bi-frequency inversion method was modified from that
proposed by Hurther et al. (2011) with a number of as-
sumptions that are usually met in river applications with
sufficiently high concentrations. The water attenuation
was assumed to be constant throughout the cross-section.
The suspension was approximated as the mixture of a fine
(silt and clay) sediment population and a coarse (sand)
sediment population with variable concentrations but con-
stant grain size distributions. Such conditions were ob-
served by several authors in various rivers. As the respec-
tive concentrations of fines and sand vary, the combined,
bimodal grain size distribution vary throughout the cross-
section.

As a reasonable approximation, backscatter and attenu-
ation can be assumed to be governed by, respectively,
the sand only and the fines only. The related backscat-
ter and attenuation constants are therefore homogeneous
throughout the cross-section and can be estimated using
point water samples distributed over a vertical profile with
substantial near-bed sand suspended load. The backscat-
ter constant was modelled from the sand grain size distri-
bution while the attenuation constant was measured from
observed acoustic energy losses. Once these backscat-
ter and attenuation constants have been estimated, the bi-
frequency inversion method can be applied to deduce the
spatial distribution of sediment backscatter and attenua-
tion, and finally obtain an estimation of sand and fine
SSCs throughout the river cross-section.

3. Results

Figure 1 presents the results obtained at a high SSC
(~ 10 g/1) river site, the confluence of the Isére (on the
left) and Rhone (on the right) as the Isere dams were
flushed. The grain size distributions and acoustic con-
stants were estimated using water samples taken in the
Isére since its concentration was much higher than that of
the Rhone. The bi-frequency inversion method was ap-
plied to 0.3 MHz and 1 MHz records to compute the sed-
iment backscatter and attenuation throughout the cross-

section and finally estimate the sand and fine SSCs.

For both sediment populations, the acoustically-derived
concentrations appear to be in acceptable agreement with
the concentrations observed in the water samples, in spite
of the strong assumptions made. Due to total attenuation
of the acoustic signal, measurements are missing in near-
bed areas: acoustic attenuation increases with range, con-
centration of fines and emitting frequency. Near-surface
vertical plumes of higher fine SSC are thought to be spu-
rious results due to the presence of air micro-bubbles,
which have powerful backscatter and attenuation proper-
ties. Nonetheless, these backscatter data provide a high-
resolution view of this complex hydro-sedimentary sys-
tem, comparable to a turbidity current.
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Figure 1. Fine (top) and sand (bottom) suspended
sediment concentrations (SSC) inverted from 0.3 MHz
and 1 MHz backscatter records at the confluence of the
Isere (on the left) and Rhone (on the right) during Isere

dam flushing. SSC data (g/1) from water samples
(crosses) and from acoustic inversion are shown in black
and red, respectively. White areas are missing data.

4. Conclusions

These promising results suggest that multi-frequency
acoustic backscatter inversion can provide spatially-
distributed measurements of bimodal sediment suspen-
sions in rivers. However, the inversion failed at low SSC
(~ 30 mg/l) sites likely because the suspended solids were
not the main sound scatterers in the medium.
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1. Introduction

In the downstream reach of urban rivers flowing from
the uptown Tokyo, water quality problems such as scum
generation and offensive odor often occur after the rain
runoff. The cause of problems is considered as follows:
Organic sediment is flushed from the combined sewer
pipes to the downstream river section during a storm,
and it is reduced to anaerobic gas under the saline
stratification condition.

In this study, the sedimentation process of organic
matter was simulated numerically using models of
sediment runoff from combined sewer system as well as
of deposition in a stratified water flow. Calculation
result was verified with field data that authors collected.

2. Study site and field data collection

Study site is the Nomi River which has the main channel
length of 14.4 km and the catchment area of 17.7 km?.
The watershed is highly urbanized and covered with
combined sewer system. The most upstream 5 km reach
is now a culvert as a part of the sewer line.

Figure 1 shows the longitudinal river bed profile of open
channel part. The segment-1 is a steep slope, concrete
lining channel, and the segment-2 is an almost zero
slope, movable bed channel. Based on the pilot survey,
sediment traps were installed on the channel bed at three
locations where sedimentation was remarkable (see
Figure 2). Sedimentation for five rainfall events was
obtained from July 18 to August 15, 2017. The sediment
weight and ignition loss were analysed for each event.
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Figure 1: Longitudinal channel bed profile

3. Numerical simulation model

Considering sewer pipes with an inner diameter > 600
mm, a drainage system map was prepared for the whole
watershed. MIKE URBAN (DHI, 2017) was used by
applying gully pot module to manhole pots where
domestic waste water flows into the rainwater drainage
pipes. Model parameters were calibrated using field data
collected in sewer pipes.

The SS transport and deposition process in the
downstream stratified water body was simulated using
TITECH WARM (Xu et al, 2013) in the laterally
average 2-D form. Deposition/ suspension rate of
sediment particles at the river bed was estimated using
the following equation.
F,=(C,—COwy (1)

where Fj is the net suspension rate, C, is the critical
sediment concentration proposed by Lane and Kalinske,
C is sediment concentration just above the channel bed
obtained from the TITECH WARM and wy is sediment
settling velocity.

4. Results and discussion

According to the calculation results, most of sediment
was flushed out from the sewer pipes to the river
channel in the first stage of each storm, and deposited
just downstream from the segment-1 (see Figure 1). The
sediment was re-suspended around the time of flood
peak, transported to the section from 4.5KP to 3KP
where sediment traps were located, and settled there.
Figure 2 shows the correlation between the calculated
and observed organic sediment (ignition loss of trapped
sediment) for the five runoff events, where ignition loss
of deposit in the sewer pipe system was assumed as 70
% from the pilot survey result.
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Figure 2: Calculated and observed Ignition loss

5. Conclusions

Sedimentation of organic matter discharged from the
combined sewer system to the downstream saline
stratified water section can be roughly estimated by the
method presented here. The method will be used to
predict the water quality problems by combining a
model for anaerobic reduction of organic matter.
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1. Introduction

Predicting shoreline evolution is one of the key
challenges in coastal studies. In general terms, during
storms, the shoreline rapidly moves landward (erosion),
while during calm periods the shoreline slowly moves
seaward (accretion). These changes may be intensified by
longer time scale (e.g. inter-annual fluctuations) and/or
regional climatic patterns (e.g. ENSO).

We analyzed 18 years of daily shoreline evolution and
wave characteristics at Tairua Beach to identify shoreline
changes at different temporal scales and link them with
waves and regional weather patterns.

2. Methods

2.1 Study area and data acquisition

Tairua Beach is located in the Coromandel peninsula, on
the east coast of the North Island of New Zealand. Tairua
is a 1.2 km long pocket beach and is classified as an
intermediate beach (Blossier et al., 2016) The beach is
located in a microtidal environment with a tidal range
varying between 1.2 and 2 m. Eighteen years of daily
shoreline evolution (1999-2017) were obtained using a
camera system. Wave characteristics (1999-2017) were
obtained from a SWAN model (wave height, peak period,
and direction). Additionally, pressure and pressure
gradients fields during this period were analysed.

2.2 Complete Ensemble Empirical Mode
Decomposition Method (CEEMD)

We used the Complete Ensemble Empirical Mode
Decomposition (CEEMD) to decompose the time series
into a finite set of “intrinsic mode functions” (IMFs). This
method overcomes limitations of Fourier-based methods
for time series analysis (e.g. FFT and wavelet techniques)
since the method was designed to analyse non-linear and
non-stationary phenomena, identifying also processes
and patterns characterised by small amplitudes (Hunag et
al., 1998; Flandrin, 2011).

3. Initial Results

Energy distribution of the shoreline spectrum displayed
energy concentrated at annual and bi-annual frequencies.
Pressure gradients (PG) fields and wave height spectra
showed similar inter-annual fluctuations and also
significant energy at higher frequencies (20-60 days)
which was not observed in the shoreline spectrum. The
incoherence between drivers (e.g. waves) energy
distribution and shoreline response has been reported in
previous studies (e.g. Lazarus et al., 2019) However,
CEEMD analyses captured oscillations at intra-annual
frequencies (e.g. 20-60 days, blue line Figure 1c) which
may cause large shoreline changes (black line, Figure 1c).
Significant cross-correlation between shoreline and wave
height IMFs at these frequencies (blue lines, Figure 1)

was found (R, = 0.6). Additionally, some of the IMFs
at inter-annual scales could be related to regional weather
patterns, pressure fields and storms.
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Figure 1. Annual IMF (red line) and 30-40 days IMF
(blue line) for: a) Pressure Gradients fields (PG) b)
Significant wave height (Hs) c) Shoreline position.

4. Summary

Power density spectra for the three time-series displayed
a strong energy at annual frequency. PG and Hs also
displayed energy at higher frequencies (monthly scale).
CEEMD allowed us to capture such “hidden” oscillation
at different frequencies (intra and inter annual) and relate
them with regional patterns.
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1. Introduction

Water intakes are used to ensure the cooling process of
power plants via a pumping system. They can be subject
to sediment accumulation, which requires costly dredging
operations. The latter can be optimized if a robust
prediction of the involved sediment dynamics is possible.

The presented methodology is applied within the context
of a coastal water intake monitoring. The interest intake
is subject to sediment arrivals, implying fast bathymetric
changes. Due to the monitoring needs, bathymetric
measurements of the channel are performed on a regular
basis, along with meteorological and hydrodynamic
surveys (waves, wind, tidal levels, etc.). One of the
challenges is to predict the morphodynamics using a
numerical model, which assumes that the latter provides
results within a reasonable confidence interval.

We propose an approach to assess the accuracy of a
numerical model regarding the prediction of the
sediments dynamics involved in the intake of interest,
using statistical reduction.

2. Methodology

When a fairly large set of measurements is available, an
opportunity for numerical model validation arises. The
choice of the best strategy to adopt in order to exploit all
the available measurements is not trivial. Typically, the
data-based validation procedure is to simulate each
measured scenario, which implies calibrating the model’s
parameters in order to fit the observed data.

We hereby propose an alternative approach of validation
using Proper Orthogonal Decomposition (POD) [1]. The
POD consists of decomposing a field that depends on
time and space variables (in this case the bathymetric
data) into a finite sum of functions with separate
variables. This allows first to isolate the spatial patterns,
called the POD basis. The POD basis terms, when added,
explain the observed dynamics. They are each multiplied
by a coefficient that varies in time, which amplifies their
contribution to the resulting field.

The idea of model validation using POD would be to
launch a Monte Carlo like sampling of the input space,
and to produce corresponding numerical solutions. These
solutions can be post-processed using POD. The latter
helps deducting the dynamical patterns of bathymetric
evolutions. These patterns can be compared to patterns
deduced from in situ measurements, presented in the
following section.

3. Application on in-situ measurements

The POD has been applied to the intake’s bathymetry
measurements, recorded each 2 weeks, for a 10 years
duration. The resulting spatial patterns are presented in
Figure 1, and are associated to temporal coefficients.

(a) Pattern 1
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Figure 1: First two elements of the POD basis applied
to the bathymetry history of the studied water intake.

Pattern 1 indicates a uniform siltation inside the channel,
whereas Pattern 2 corrects the geographical distribution
of the latter, with respect to the flow and to the geometry
of the channel. For a numerical model to be accurate, its
resulting solutions must be projectable on this same basis
deduced from measurements. That would imply that, on
the analysed temporal and spatial scales, the model has
the same nature of response as the in-situ observations.

The temporal coefficients deduced from POD represent
the variations in time due to the influence of the external
forcings. We propose a statistical modelling of this
causality using Polynomial Chaos Expansion method
(PCE) [2]. The aim here would be to compare the
statistical models resulting from the numerical scenarios
and from the in-situ measurements analysis. This would
allow to conclude about the importance of each parameter
in both the real configuration and the numerical model.

4. Conclusion

The results of a numerical model are compared to in-situ
measurements via a spatial patterns deduction, using
POD. The temporal variations are modelled using PCE,
taking the forcings as inputs. The differences of ranking
of the forcings contribution on the temporal responses
between the numerical model and the in-situ
measurements are confronted.
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1. Introduction

Estuaries are areas with high ecological and economic
stakes. Characterized by the mixing of fluvial and marine
waters, they are complex ecosystems with a high spatio-
temporal variability. They play a key role in the life cycle
of many species: they host different habitats (including
shallow open areas, salt marshes, tidal flat, oyster reefs,
seagrass beds...) and are important feeding, spawning and
nursery grounds. Estuaries also host significant anthropic
activities, such as shipping and fishing, and are affected
by urbanisation and industrialisation. Within a
sustainable development approach and the context of
climate change, long-term predictions of estuaries
morphology and sediment composition under different
forcing conditions (natural and anthropic) would be a
valuable decision-making tools for coastal area
management. While process-based sediment dynamics
models can provide relevant information, they are
extremely computationally expensive to predict long-
term evolutions. Besides, the development of improved
measurement techniques, like LIDAR or hyperspectral
grants access to large amounts of topographic and
bathymetric data with a very high spatial resolution (of
the order of magnitude of meters), which paves the way
to new data-based modelling methods under the heading
of machine learning. Indeed, machine learning covers
algorithms used to develop predictive relationships using
a set of input data (Goldstein et al., 2018).

The overarching idea is to predict the geomorphology of
estuaries at century scale using increasingly available
historical topographic and bathymetric data (e.g. 30 years
of data for the Seine estuary) with machine learning
approaches. In addition, the open access to worldwide
data will undoubtedly improve the learning and lead to
more accurate predictions.

2. Approach

With this goal in mind, a first objective has been set to
test the feasibility of the approach. Here, instead of in situ
topographic-bathymetric data, we used model-based
maps. A set of 150 topographic-bathymetric maps was
generated using a hydro-sediment process-based model
(MARS-3D numerical model of coastal hydrodynamics
(Lazure and Dumas, 2008) and its sediment module
MUSTANG (Le Hir et al.,, 2011)) computed under
different forcing conditions (tidal range, river flow and
upstream  sediment  concentration). The model
configuration is an idealized muddy estuary. The final
bathymetries issued from 150 runs performed over 100
years (using the Morphological Acceleration Factor
(MORFAC) approach (Roelvink, 2006)) for which the
forcing are taken uniform, provide the data set (see Figure
1) to build a data-driven prediction method for this
idealized estuary. After the analysis of the different 100-
year bathymetries according to the different forcing, a

Support Vector Machine algorithm is implemented to
study the relationship between the estuary
geomorphology and the environmental variables.

T

20 15 10 5 0 5

Figure 1: Bathymetry (in m) after 100 years subject to
semi-diurnal tide (tidal range 4m), river flow about
600m3 /s and with an upstream mud concentration of
0.1kg/m3

3. Conclusions

Using statistical tools, we inferred some relationship
between forcing, morphological changes and estuary
typology. The application of the Support Vector Machine
method gives promising results, allowing to predict the
main morphological trends. Moreover recent advances in
deep learning machine learning algorithms open up some
interesting paths for this issue. Thus, the use of
conditional Generative Adversarial Net (Huang et al.,
2018) could enable to predict the snapshot of the
bathymetry of whatever estuary in 100 years according to
the environmental forcing.
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1. Introduction

Most problems in rivers requiring computational
solutions are treated using Eulerian methods, in which the
primary objective is to predict flow characteristics at each
point in the flow. However, there are many riverine
problems that benefit from the use of Lagrangian methods
that track specific information through the flow field. For
example, pollutant dispersal is a commonly desired
prediction that requires tracking some constituent through
the flow field to understand where the material goes and
how long it stays in various regions. Similarly, the passive
movement of biological agents like drifting fish nutrients
or larvae as a function of source areas and other
characteristics is best treated in a Lagrangian framework.
To treat these problems, we developed a completely new
Lagrangian particle-tracking code that incorporates both
advection and dispersion by turbulence or other
unresolved details of the flow field. Unlike previous
efforts, our method is flow solver independent, works for
one, two, and three-dimensional applications, and has a
unique particle cloning technique that allows high spatial
resolution without high computational expense.

2. Model Development

The basis of the approach follows standard methods in
that it combines advection by the flow with a dispersion
calculation formulated as a random walk. Thus, given
some population of particles in a known flow field, the
position r of each particle a small time step, At, in the
future can be written as:

r(t+At) = r(t) + u(At) + Lv2KAt €))

where u is the vector velocity, K is the (presumed
isotropic) diffusivity taken from the flow model, and L is
a vector, each component of which is randomly chosen
from a Gaussian distribution with a mean of zero and a
standard deviation of one. This equation represents
passive movement of a particle through a turbulent flow;
if the particle has some active behavior, such as
swimming or maintaining position at a certain depth, an
active component of velocity or position can be added to
this equation. If the flow model yields anisotropic
diffusivities, the last term in Equation (1) can be replaced
using a direction-dependent diffusivity.

This method is well known, and we have used it before
(e.g., Nelson et al, 2018). However, in the current
approach, the algorithm is built as a solver in the iRIC
public-domain suite of flow and morphodynamics models
(Nelson et al, 2016), and can be applied with various iRIC
solvers. We also include user-selected treatments for
particle-boundary interactions, complete treatment of
vertical velocities in 3-dimensional flow fields, user-
specified active particle behavior, and particle cloning.
In past work, computations of concentration and
residence times in important storage areas, like lateral

separation zones, has been well treated only by using very
large particle populations, which leads to high
computational demand. We circumvent this issue with
particle cloning, in which an individual particle splits into
a group of n particles, each of which has 1/n of the
weighting of the original particle. Users can specify the
cloning process either spatially by selecting polygonal
high-resolution areas or by particle density thresholds that
can include several levels to allow recursive cloning. This
provides very high resolution where particles may be
sparse (but spend more time) such as near banks and in
areas of flow separation. The method gives similar spatial
resolution in these areas but requires a much smaller
number of tracked particles, thus replacing brute force
computation with an elegant recursive solution.

Figure 1: Instantaneous particle distribution for a
continuous upstream line source in the Ishikari River.

3. Application and Conclusions

Figure 1 shows a simple application of the particle-
tracking approach for the Ishikari River upstream of
Sapporo, Japan using the Nays2dh two-dimensional flow
solver in iRIC with a continuous upstream line source.
Our presentation includes several such examples
illustrating the utility of the approach for surface and bed
larval drift, well-mixed pollutant dispersal, oil dispersal,
and sediment movement. The method is freely available
in the iRIC software found at www.i-ric.org.
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1. Introduction

Flocculation of cohesive sediments occurs in both natural
and engineered environments, and is affected by biotic
and abiotic factors alike (e.g. Mehta, 2013; Partheniades,
2009). Initial studies on fine sediment dynamics
conducted at the University of California, Berkeley last
century (see R. Krone, H.A. Einstein; in Mehta et al.,
2014 for details), were mostly based on samples extracted
from the San Francisco Bay area (Garcia, 2008) and to
this day, the vast majority of studies have also focused on
sediment extracted from specific sites.

Our goal is to revisit the issue of flocculation following a
systematic approach, and extend it to include related
issues that have received little or no attention in the past,
including the impact of clay type, the effect of ocean
acidification (increasing pH), and the role of micro-
plastics in flocculation dynamics. This contribution
describes our proposed methodology (introduced below)
and our research hypotheses.

2. Objectives and Proposed Methodology

Our systematic approach studies the flocculation
dynamics of three different clay minerals, namely,
kaolinite, illite, and montmorillonite.

The first objective of the study is to quantify the shear
stresses in a mixing jar over a shaker in the laboratory, to
guarantee that the clay minerals are subjected to realistic
shear rates commonly observed in natural environments.
Initial tests are conducted with deionized water defining
the simplest baseline scenario. Following this the
concentrations of minerals, and salinity, will be
systematic increased to assess how the flow and
flocculation dynamics and characteristics change based
on deionised water conditions. The experiments are
repeated but with a different water pH to assess the effect
of ocean acidification on flocculation dynamics.

To determine the floc characteristics, samples are
extracted from the shaker with a pipette and with
negligible transferal interference, allowed to settle in the
LabSFLOC settling column. Settling velocities and floc
characteristics are measured with image processing
techniques. Figure la shows the LabSFLOC equipment
(e.g. Manning, 2006; Manning et al., 2007, 2017) used to
measure the floc settling velocities and Figure 1b shows
an image of settling particles acquired with it.

3. Expected Outcomes
The expected outcomes from our proposed systematic
approach are:

e Quantification of settling velocities. It is
hypothesised that the three different clay
minerals will be different. Montmorillonite,
having the largest cation exchange capacity, will
form the largest flocs, thus settling faster.

e Settling velocities will change with different
ambient water conditions. It has been shown that
increased salinity leads to increased floc sizes.
However, above 10 ppt, salinity no longer plays
arole in the size of the flocs.

e Low turbulence in the mixing jar will lead to floc
aggregation, whereas high turbulence will limit
the size of the flocs.

e Higher pH values in the mixing jar will lead to
larger and stronger flocs. Settling velocities will
be faster than under baseline pH conditions.

Settling Column

a)

Imm. 5 - -"
—— -

Figure 1: a) LabSFLOC Settling column and camera; b)
Image acquired with equipment.
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1. Introduction

A complex structure, a pile group on top of which a pile
cap and a column (or pier) are superimposed, hereafter
called PCP for short, is commonly used as foundation of
bridge or marine structures. Wave-induced seabed scour
around PCP possibly leads the structure to be vulnerable.
Most of the previous studies concerned wave scour with
a monopile (Larsen, et al., 2017; Qi, et al., 2015; Tonkin,
et al., 2003) or a pile group (Ahmad, et al., 2018).
However, the pile cap of the PCP element touching
wave surface alters the wave flow regime, which
therefore increases seabed scour depth around the PCP
structure. Other scholars studied the scour around PCP
under current by experiments. This work focused on
solitary wave-induced scour at complex piers located on
a sloped beach. Comparisons were conducted for the
scour depth and flow structure between piles with and
without the superior pile cap and pier. The effects of the
parameters related to the pile cap and wave’s
characteristics on the scour depth were analyzed.

2. Methods

Numerical simulation method was used to modeling
wave generation, propagation, and bed scouring at PCP
mounted vertically on a sloping beach. The unsteady
Reynolds-Averaged Navier-Stokes (RANS) equations
coupling with k-¢, sediment transport including bedload
and suspended load, and morphological (e.g., Exner
formula) equations were solved. Wave free surface was
captured with volume of fraction at air-water interaction
surface. The models were firstly validated under the
same computational setup and conditions with that of
the experiments conducted by Tonkin, et al. (2003).
Solitary wave generation and propagation was tested by
the theoretical resolution.

3. Results

The model was used to simulate the wave-induced scour
at PCP and 2 piles side-by-side under the following
conditions: the ratio of wave height and water depth is
0.3; the KC number is 6.0; the pile spacing, G, is 1.5D
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Figure 1: Sketch of the simulation domain and structure
arrangement.
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Figure 2: Wave flow pattern at PCP wave flow pattern
at the moment of t/T =21% (a) and scour depth variation
with time at point A for PCP comparing with 2 piles
side-by side (b).

(the pile diameter); and the sand diameter is 0.35 mm.
The configuration of PCP and the calculation setup are
shown in Figure 1. When the wave propagates to the
beach and approaches the structure, the flow pattern is
disturbed more dramatically by the PCP than that by the
2 piles without cap. Therefore, larger shear stress on bed
and scour depth appear for PCP than that for 2 piles only,
as shown in Figure 2, in which ¢ is the time, 7 is the
period of time from wave climbing up the sloped beach
to flowing down, S is the maximum scour depth around
structure. The relatively maximum difference of scour
depth caused by one solitary wave between the two
structures reaches almost to 26%. Fast scouring occurs
in the duration of #/T = 40% to 70% when the wave runs
down the sloped beach.

4. Conclusions

Scour depth at complex structure with pile cap mounted
on a sloped beach is larger than that without the cap by
solitary wave. When the wave runs down the sloped
beach, faster scouring experiences. It is the pile cap that
intensifies the wave’s hydrodynamic effect on bed shear
stress around the structure, which therefore increases the
bed erosion or scour depth. Multiple solitary waves
certainly increase larger scour depth beyond this work.
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1. Introduction

Deltaic channel avulsion controls the abandonment and
creation of delta lobes, and thus plays an important role
in predicting delta evolution. Swenson (2005) showed
that the removal of sediment from the river mouth due to
wave energy reduces the seaward progradation and
aggradation rate of a deltaic channel and thus increases
the avulsion timescale. However, sediment accumulation
at the river mouth and hence the progradation of deltaic
channels in wave-influenced deltas are affected by the
directional wave climate and alongshore sediment
bypassing of the river mouth.

Among those factors, sediment bypassing at river mouth
correlates negatively with river flow jet momentum and
fluvial sediment input and positively with wave
momentum (Nienhuis et al., 2016), such that high and low
sediment bypassing tend to occur during periods of low
and high flows, respectively.

To better quantify the effect of waves on the avulsion
timescale of deltaic channels, a coupled model of channel
avulsion and coastline dynamics was developed in this
study, which considers the distribution of wave-angle and
time-varying sediment bypassing. The interaction
between wave climate, sediment accumulation at the river
mouth, and avulsion timescales of deltaic channels was
explored using this coupled model.

2. Methodology

The coupled avulsion model developed in this study
consists of two modules: (1) the module simulating the
evolution of the shoreline under waves; and (2) the
module for the evolution of the profile of the deltaic
channel. The Coastline Evolution Model (CEM) is
adopted in this study to simulate the evolution of the
shoreline under waves. We consider channel orientation
and time-varying sediment bypassing in the model. The
Deltaic Channel Profile Model (DCPM) is developed by
solving the 1-D non-uniform shallow water flow
equations, Engelund and Hansen’s formula and Exner
equation.

River discharge is schematized as pulse waves (Figure 1).
A set of high flows and low flows together with constant
wave heights and wave periods is adopted in this study,
resulting in different combinations of sediment bypassing
during periods of high and low flows.

Sediment accumulation and evacuation at the river mouth
during periods of high and low flow is calculated to show
the relative strength between blocking of sediment during
periods of high flow and adjustment of sediment

distribution during periods of low flow and illustrate how
wave-angle distribution and time-varying sediment
bypassing control the progradation of deltaic channels.

Low bypassing

High bypassing High bypassing

River flow

Time

Figure 1. Schematic of river discharges adopted in
DCPM.

3. Conclusions

The progradation of deltaic channels depends on the
cumulative effects of wave-angle distribution and time-
varying sediment bypassing at the river mouth, which is
found to significantly affect the avulsion timescale of
deltaic channels. Improved understanding of the effects
of waves on the progradation of deltaic channel helps to
quantify avulsion timescales.
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1. Introduction

For a century various cost-effective approaches have
been developed for training large braided sand-bed
rivers. Most promising and sustainable has been a blend
of more or less ‘fixed” or ‘stable’ points, and flexible
adaptive measures that are used to guide and direct
channels to a desired path. The measures need to be
designed in such a way that they do not resist natural
processes, but instead use and enhance the natural forces
of flow and sediment transport.

Following this approach, to improve navigability in the
Ayeyarwady River in Myanmar, it has been proposed to
place fields of ‘porcupines’ in major secondary
channels. This needs to prevent avulsion of the main
channel to these secondary channels. Porcupines are
permeable frames made of wooden or concrete bars,
mostly in a tetrahedron shape. They impact the flow, and
depending on the layout of porcupine groups they are
used to reduce velocity (provide roughness), enhance
sedimentation, and force flow away from eroding river
banks. Porcupines are not yet applied on large scale and
application is limited to only a few locations in the
world (e.g., USA, India, Bangladesh), mostly for
protecting river banks. The scientific basis of these
structures is rather poor, and their performance on
modifying large-scale morphology of braiding rivers has
not been studied. This study aims to improve the
understanding of the effect of these structures on flow
and sediment, and develop an approach for modelling
their large-scale influence on braided rivers.

2. Laboratory experiments

Laboratory experiments were carried out in a 12 m long,
0.8 m wide flume at the Fluid Mechanics Laboratory of
TUDelft by Nientker (2018). Porcupines made of 10
centimetre long brass square beams with a diameter of 7
millimetres were placed on a sand bed with grain size
Dso =260 pm, see figure 1.

Figure 1: Flume experiment with porcupines v

Experiments with and without sediment have been
carried out for a range of submergence and porcupine
placement. The results show how the porcupine fields
generate trailing vortices and a wake downstream that
causes flow retardation over a distance up to 30 times
the porcupine height. Deposition occurs even over
longer distances. A staggered placement enhances

deposition. If porcupines are placed only on one side of
the flume, the flow is redistributed, and an alternating-
bar pattern develops downstream.

3. Morphodynamic modelling

In the large-scale quasi-3D models used for simulating
large braided rivers, the porcupines have to be
introduced through sub-grid parametrization. It has been
found that the method of Baptist et al (2007) developed
for inclusion of vegetation, does approximate the impact
of the porcupine field on flow resistance and sediment
transport reasonably well. The concept considers the
effect of blockage and energy loss by a group of vertical
elements (stems of trees or bars of a porcupine). The
approach has been tested using the Delft3D software.

4. Application to Ayeyarwady River, Myanmar
In the Ayeyarwady River near Mandalay, the proposed
porcupine fields need to be long enough, and cover the
full width of the channels. Based on the model, an area
of 322,000 m? needs to be covered with about 25,000
porcupines with heights of about 2 m. Model results
show that that a reduction of the porcupine density has
less effect than reducing the area of the porcupine fields.
Flood conditions account for flow water depths up to 15
m and velocities up to 1.5 m/s (see Figure 2). The fields
are presently constructed (2019).
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3. Conclusions

Fields of porcupines can be used as flexible and
sustainable river-training solutions in braided rivers.
This study provides understanding in placement of the
porcupines, and methods to predict their impact using
large-scale quasi-3D 