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Bottom boundary layer
Bottom stress matters:

=> erosion and resuspension

=> bedload transport

Sediment :

=> change rugosity


Classical formulations :
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=> BBL formulation : 


- account for current stress at the bottom

- account for wave shear stress

- Sediment dependent z0
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Sediment modeling : models

2 models available :


- USGS model : cpp key SEDIMENT

- « legacy » model 

- originally included in ROMS-AGRIF

- available in ROMS-RUTGERS and OAWST


- IFREMER model : cpp key MUSTANG

- french model

- originally included in MARS3D

- available since 1.2 (just released)
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Sediment modeling : models and processes

- both model focus on non-cohesive sediment


- Same (main) processes for both


- Developments underway for cohesive processes


- In this presentation : USGS only


- but : 

- MUSTANG documented

- Test cases with both models (Guillaume presentation)
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Sediment modeling : main processes in CROCO

- Transport in the water column


- Erosion / deposition


- Bedload transport


- Bed evolution (sand, mud, mixed)


- Morphological evolution
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For each class of sediment :

C : sediment concentration
<latexit sha1_base64="IYvhY5hH8Q+8bwmBNFqFb0PvOwU="></latexit>

~v : Lagrangian velocity
<latexit sha1_base64="mBdRsTu/iEzFni4rwrdzhl2Rv3o="></latexit>

- advection-diffusion (like T & S, bio etc)

- monotonic scheme (eventually)

- zero-flux boundary condition (diffusion)

- standard boundary conditions 

- multiple sediment classes :

grain size, density, settling velocity, erosion rate, bed 
porosity, and critical shear stress for erosion 
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Deposition
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=> settling velocity

- sink term

- constant velocity (input parameter)

- class (size) dependent
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Erosion : non-cohesive case
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- source term

- erosion flux (sea-floor only)

- class (size) dependent


E0 : erosion rate
<latexit sha1_base64="oLF4GJfbq/NFkcgS06NPlSwF3cg="></latexit>

p : porosity
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� : sediment fraction
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⌧s : shear stress
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⌧c : critical stress
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Erosion : mixed or cohesive case

Time dependent critical stress      :

- sediment classes => cohesive or not

- critical layer stress : 

- erosion capacity depends on critical stress: 


- global property of the layer, not of the sediment classes

- increases with depth


    - equilibrium profile updated at each time step

- effective instantaneous stress: damping to this equilibrium profile


Mixed case : 
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E0 : erosion rate
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p : porosity
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⌧s : shear stress
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⌧c : critical stress
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Bedload

- not resolved explicitly

- bi-dimensional

- different parametrisations available (      : transport rate) 


=> bedload flux
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d50 : median size
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⇢s : grain density
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⌧c : critical stress
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=> slope effect

� = tan�1(dzb/dx)
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Bedload : Meyer-Peter Müeller formulation

� = max
⇥
8(✓s � ✓c)

1.5, 0
⇤

<latexit sha1_base64="XmfsCp1xSJHmZLmtFkmZBCJltAM="></latexit>

✓s =
⌧s

(s� 1)gd50
<latexit sha1_base64="OJyhTyqesYrvcHwYbyG2ceFw/oY="></latexit>

⌧s =
q

⌧2sx + ⌧2sy
<latexit sha1_base64="c4c11nfW2/FZOxfSpl5QBBo6aVc="></latexit>

Case of  rivers, continental shelves etc

Transport rate :
� : transport rate (class dependent)
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<latexit sha1_base64="+QEcscxiprjfzqK8JyjL9j/4Vlw="></latexit>
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⌧s : skin friction
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Bedload : Van der A formulation
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Case of  non-linear waves : asymmetric transport, lag effect …

- compute asymmetry

- Shield parameter at Ralph cycle)

- Evaluate phase lag 

=> Transport rate : crest + through 

⌦i = F(Shield Cr) = max
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Morphodynamics
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Exner equation : divergence of sediment fluxes


i.e. difference between erosion and deposition

+ bedload fluxe

- modification of vertical velocity

- speed-up equilibration
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Bed model
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Sediment parameters

- Hard coded

- Number of layers

- Number of sediment classes


=> in param.h
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Sediment CPP keys

- Main keys :


- SEDIMENT or MUSTANG

- SUSPLOAD

- BEDLOAD


=> stick with default choices
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Input file
- Additional file at run time : sediment.in

   Consistent with : 


- Number of layers

- Number of sediment classes


http://sediment.in
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EXAMPLE 1

Gra$ot et al., 2017, Ha et al., 2018, Marchesiello et al., 2019 
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EXAMPLE 2
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EXAMPLE 3
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EXAMPLE 4

Erosion

Accretion
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SUMMARY 
Currently


- Increasing effort

- Focus on sandy/wave dominated environment

- More and more confident

- Wave resolved configurations !


Underway

- consolidation

- floculation


TBD

- interaction with vegetation

- bio diffusion

- Effect on density



Flocculation

- FLOCMOD

-  Nombre de classes constant avec transfert entre classes

Tous les sédiments cohésifs sont traités comme des flocs 

avec un diamètre caractéristique


Agrégation par collision : cisaillement ou vitesse de chute

Désagrégation par collision ou turbulence


Différentes fonctions de redistribution


