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Hydrodynamic drivers: Sea - atmosphere interface

INTRODUCTION -~ <~

musang - MUJ and Sand TrANsport modelliNG

0 00022 0%,°00 0 %0%%30%0

Developed at IFREMER by P.Le Hir, in SIAM, then
MARS3D and now CROCO

Activated by cppkey #MUSTANG

2 main options for this module :
* one equivalent to the previous module “mixsed” (Le Hir et al, 2011) -
default
* one developed by Mengual & Le Hir (2018), which includes bedload
processes (Rivier et al, 2017) - activated by cppkey Bed roughness

H key_M USTAN G_V2 Bed shear stress MuI tlp

MAIN PROCESSES M%ﬁn

o 00022 0% 0% O Te%0O",
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INTRODUCTION

Use sediment classes kmax
. : WATER COLUMN
Combined with SUBSTANCE module (from MARS too) 2D or 3D
sigma layers
3 types of sediment
Type Bedload Suspended Flocculation 1
transport load
ksmax
SEDIMENT
MUD YES YES COMPARTMENT
1DV, maximum of
SAND YES YES ksdmax layers
GRAVEL YES Horizontal exchange at sediment/water
interface, no horizontal exchange in
sediment bed

No limitation on the number of sediment classes
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Implementation

For each class of sediment :

Erosion = f(Ts,Te,bed composition)

5 V.vC Do Deposit = Ws . f(Ts,Td) . Cbot_extrap
"~ ADVECTION MIXING Ws = {(C, turbulence, salinity)
RATE Te = f(consolidation)
Evolution of sediment height : 2
Ohgoy 1 " oh,, 00 d | |Q
h=—((D-F) = (1-p)—= + LB~
L Csed Ot OX
IA hsed IA hscd
- Exchange water-sediment + advection - Wu & Lin 2014 formulation
- Erosion fluxes from sediment bed - Slope effect from Lesser 2004

- Multiclass interactions - Multiclass interactions
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Implementation

Erosion phase :
- Update roughness length

4 main phases during one time-step - Update bottom shear stress

call
call
call
call

- Compute erosion fluxes

- Compute bedload fluxes

- Erosion bed layer management
- Trend of deposit fluxes

prestep3D_thread()

step2d_thread()

step3D_uv_thread()

step3D_t_thread() Exchange
————> call mustang_update_main() water/sediment
————> call step3d_t " including E/D fluxes

————————————— > # include "t3dmix _tridiagonal settling.h"

————> CALL mustang_deposition_main

————> CALL mustang_morpho_main \ Deposit phase :

- Update deposit fluxes
- Deposit bed layer
management

Morphodynamic coupling
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Implementation

Roughness length & Bed shear stress

Z0sed : constant (I_zOseduni = .TRUE.) ,or

diam/12 with diam function of bed composition
Z0hydro : possibility to compute roughness length

from bed composition for coupling with
roughness in hydrodynamic part

Skln friCtiOn . defa'ullt:12 u,v ;.)oints to ic+c:1mpute
- Current part (with options to ;o 1
compute current at the EIN S o
center of the cell) A

- Wave part if A >'>
#WAVE_OFFLINE ! L‘___i_.;___*_i | ol
- Combination (Soulsby 1997) j_l"l --------- '

If cppkey #WAVE_OFFLINE

K-+ /uz _+_ov2

in( %)

u* =

- tauskin_current = p, - (u*)?

SHEAR STRESS

fw—139 (Uw e- Pwav

—0.52
2.m-z0sed )

 tauskin_wave = 3 - py - fu - Uwave

muste

o 00022 0%, 0% O et 0%

or user defined

nd

2
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Implementation
Settling

=> settling velocity wyg

- sink term

- constant or variable (depends
of sediment type and input
parameters)

horizontal advection : #define TS HADV_WENOS5,
+ sub time step to treat settling (explicit upwind scheme order 1)

oC > E

— =—  V.wvC + D¢ —

ot ~—— N~ 525 zZ=2zp
~~ ADVECTION MIXING S—— N——
RATE SETTLING ) EROSION

GRAV SAND MUD (without FLOCMOD)

SETTLING VELOCITY Ws

mustang

- 090:03 o‘.o:o‘opd.
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Implementation
SAND type : High settling velocities

Corrections added :
- deposit from an extrapolated concentration at aref location

- horizontal fluxes corrected in the bottom layer to take into

account both velocity and concentration gradients close to
the bottom => only if #HMUSTANG_CORFLUX

oC - E

— = — V.v(C + DC P

Ot ~—~ N~ 02p | z=2y
N~~~ ADVECTION MIXING N——
RATE SETTLING ) EROSION
+

Compute SAND sediment in 2D with cppkey #key_sand2D to
gain CPU time

SSC - Modelled

Corrected vertical deposition flux with

|

~conservative extrapolation of Rouse
. " " , Ny ~ r

SAND suspension corrections in 3D

SSC - Modelled

Coarrected vertical deposition flux with

o J! ,., ,,_Ai ,‘ C/

M =
e extrapolation or RO
U UALIApPUIAUVET Ul TAUVUL

SAND suspension corrections with #key _sand2D

- corflux =

#MUSTANG_CORFLUX
Horizontal advection fluxes
correction factor considering a
Rouse profile of concentration
and a logarithmic profile of
current :

J-zw(l)

aref Crouse Ulog dz

u(1)C(1)Az(1)

#MUSTANG_CORFLUX
Horizontal advection fluxes
correction factor considering a
Rouse profile of concentration
and a logarithmic profile of
current :

J'ZW(l)

aref Crouse Ulog Az

corflux =

u(1)C(1)Az(1)

meste

¢ 004220%, 00O e % 0%

"o
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Implementation
Bedload (#key MUSTANG V2): Wu & Lin formulation

- Horizontal fluxes are computed on the direction of shear stress evaluated at center of cell

- Both composants (u,v) are extracted during erosion phase F

- Fluxes from adjacent cells are then treated like additional deposit fluxes u y ——
- Fluxes are limited with available sediment

Slope effect : Lesser et al.

- option : correction of bedload fluxes from bed slope

as =1+ aps - (cos(beta_s)-(tifﬁn(%)—tan(bem_s)) 1)
gz’ = qx - O

qy' = qy -

., = Qpp - tan(beta_n) - (
qT = qx' — qY’ - oy

qy = qy' +qz’ - an

taucr)0,5
tau
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Implementation .

Erosion fluxes in V1 L = Eo -

Superficial sediment ?

Transition given ero_option (linear or not)

Non cohesive Mixed Cohesive NEB -

ero option .
-9t Erosion of sand not

B l realistic

Continuity of transition

0 =0_mua =V_MuC between non-cohesive /
' Ll | FRLL cohesive / mixed
regimes
1
2
3
f, g, h functions depend on ero_option .
heice frmud :
mud
0 frmudcr1 frmudcr?2 ' fraction
frmud< frmudcrl (typ.0.3) frmud > frmudcr2 (typ.0.5)
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Implementation
Erosion fluxes in V2 (#tkey MUSTANG_V2) L= Eoi -

Ci
Superficial sediment ?
Transition given ero_option (linear or not)
Non cohesive Mixed Cohesive o
sl el Erosion of sand more

,U, l Transition between modes realistic
(sed_MUSTANG_comp_to | oy Discontinuity between

 cr_mixsed) 0 =Y. Mud Ay non-cohesive / cohesive

A lot of options : e AT A or mixed regimes

|_ero_indep_mud,
tau_cri_mud_option_eroindep,
tau_cri_option,
L_peph_suspension, 3
EO_sand_option, |_fsusp

N -

f, g, h functions depend on ero_option :
o frmud :
mud
0 frmudc { 1 frmudcr2 I fraction
Sit,;,>T | Fluxd’érosion: E, =1, .E,,.(t/T.;,-1)" |

Erosion of superficial sediment by

Indépendant erosion .
class proportion
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Implementation

Erosion : bed layer management

lterative process over time step lterative process over time step

Cohesive, mixed or non cohesive ??

Cohesive, mixed or non cohesive ??

Erosion of superficial sediment Indépendant erosion
by class proportion

Erosion of superficial sediment
by class proportion

Combine erosion fluxes and
update of bed surface layer bedload

and porosity

update of bed layer with fusion
of layer if remaining surface
layer is too small

- compute active layer thickness

- mixing in active layer
- potential bedload by class

If still time and all layer eroded - potential erosion fluxes by class

Limitation of fluxes (bedload and
erosion) by availability

update of bed surface layer and
porosity

If still time and all layer eroded
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Implementation

Deposition fluxes

B ) lskin.
Krone law Div — 1/.';_.it;-'Carref(1 o )
td,iv
With :
MUD

Caref = C (k=1)
Td = f(concentration of fresh deposit)

SAND

Carer = extrapolation of Ck=1 at elevation z=aref, given a Rouse profile
Td infinity
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Implementation

Deposition : bed layer management

V1 : Deposition from the coarsest to the finest V2 (#key_MUSTANG_V2) :
Simultaneous deposition of gravel,

sand and mud.

¢ Each class of gravel or sand sediment is in first put in the existing
surface layer until cvolmaxmel is reached then the resting sediment

. . * For each class , deposit is computed from bedload and settling
IS put in a new layer.

fluxes

* For mud sediment, the deposit is made from the surface when a
new layer is created by an exceeding of sand or gravel in order to
avoid trapping mud sediment by mixing it in the underneath layer
ksmax-1 when a new layer is created.

* Possible cases if there is deposition YES / \ NO

¢ sediment already exist (ksma > 0) :

Deposit is different of superficial sediment ? (Density, composition, porosity)

e if superficial sediment is not consolidated (cmudr < cmudcr) Creation of a new layer Mixing with the surface layer
then mixing with superficial sediment until completion Update of porosity
(cvolmaxmel) before creation of a new layer

® else : creation of a new layer

®* no existing sediment : creation of a new layer
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Implementation
Morphodynamic #MORPHODYN. + |_morphocoupl

Morphodynamic :

No morphodynamic
#MORPHODYN and |_morphocoupl

=

t+dt t+dt
hsed
bedrock bedrock bedrock
bedrock constant
variable
Mustang
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Implementation
Morphodynar_nic - MF

MF on sediment height variation
| MF_dhsed =T

bedrock
variable

bedrock

MORPHOLOGICAL ACCELERATION WITH MF (MORPHOLOGICAL FACTOR)

MF on erosion/deposition fluxes
| MF_dhsed=F

f(E.MF,
4 D.MF)

bedrock bedrock
constant

if multiclass, |_MF_dhsed =T could be # |_MF_dhsed = F

due to the management of the deposits
(deposit from the coarsest to the finest) O%im?%%t&??%
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Implementation

Other sediment behaviors

#key MUSTANG_lateralerosion

Dry cell

Erolat=A . Hlat . (B . Ubar? - Tce)
A = coef_erolat
B = coef_tauskin_lat

Wet cell (I_erolat_wet_cell =T)

LATERAL EROSION
mutan

o oDols o‘.°.'o‘opo’-°.0‘.-’-'.0’-§

##tkey MUSTANG _slipdeposit

B., = tan(a;.,) = dh;.4/dx

SLIDING EFFE

For each MUD sediment class

Dil

A (=] ——

dh;

Bi+1 = tan(0i+1) = dhi+1ldx

CT ON DEPOSIT

mestan

o802 0 .'.'O‘op d“oo..‘. .'.O'.O
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Model options

Parameters and input file, user guide

MUSTANG is controlled through both CPP keys and input files.
For some processes it is needed to activate the options through a CPP key, and also through a flag (true or false) in the input files

To use MUSTANG in CROCO :

» cppdefs.h >> #MUSTANG #SUBSTANCE #SALINITY #TEMPERATURE

#USE_CALENDAR #key noTSdiss _insed #key nofluxwat IWS
+ option cppkeys

e croco.in >> MUSTANG and SUBSTANCE files

* param.h >> appropriate dimensions

» options : input files >> initialization file, wave file, source with solid discharge file
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Model options

Option CPPKEYS

key_ MUSTANG_V2

to use MUSTANG in V2, without this key, the version V1 is used

MORPHODYN

to activate morphodynamic

key sand2D

to treat SAND in suspension as 2D variable

MUSTANG_CORFLUX

to correct SAND horizontal fluxes

WAVE_OFFLINE

to use wave in bed shear stress computation

key_tauskin_c_upwind

Upwind scheme for current-induced bottom shear stress (for analytical test case)

key tauskin_c_center

Compute bottom shear stress directly at (rho) location (center of the cell)

key tauskin_c_ubar

Shear stress computed form depth-averaged velocity

PSOURCE_NCFILE & PSOURCE_NCFILE_TS

to read solid discharge in river from netcdf files

key MUSTANG_slipdeposit

Add sliding fluxes

key MUSTANG lateralerosion

Add lateral erosion process

key MUSTANG_splitlayersurf

cutting of surface sediment layers to have regular and precise discretization at surface

key MUSTANG_ bedload

only with key_MUSTANG_V2, bedload processus included
(if |_bedload activated for the sediment class)

key_ MUSTANG_debug

only with key_ MUSTANG_V2, not MPI compatible, to print information during E/D

key MUSTANG_ specif outputs

Adding output variables in history file

FILLVAL

output feature to add fill value attribute in netcdf file
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Model options

croco.in sediments_mustang: input file
MUSTANG_NAMELIST/parasubstance. txt
MUSTANG_NAMELIST/paraMUSTANG. txt

param.h >> ksdmin & ksdmax sediment variables are allocated with ksdim:ksdmax dimension
ntrc_subs number of substance corresponding to a tracer (advected)
ntfix number of fixed substance (not advected)
ntrc_substot total number of substance (= ntrc_subs + ntfix)

Substance namelist >> example MUSTANG_NAMELIST/parasubstance. MUSTANG full example.txt

‘nminbvar : number of each type of substance to be defined (other than T (temperature) & S (salinity))
‘nmlpartnc : characterization of Non Constitutive Particulate subtances

‘nmlpartsorb : characterization of particulate susbtances sorbed on an other particule

‘nmlvardiss : characterization of dissolved susbtances

nmlvarfix :characterization of fixed susbtances (not advected)

-nmigravels (if MUSTANG only) : characterization of GRAVEL substances | T o :
‘nmlisands (if MUSTANG only) : characterization of SAND substances — — Class parameters : dlam’ W35 Cini/obc in
‘nnmimuds (if MUSTANG only) : characterization of MUD substances = _ water, fraction in sediment ...

‘nmlvarbent (if key_benthic only) : characterization of benthic substances

MUSTANG namelist >> default MUSTANG_NAMELIST/paraMUSTANG_default.txt

\ Process parameters
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Example

Bay of Biscay
configuration (dx=2.5km)
CROCO-MUSTANG

Ongoing work
(illustrations thank to Y.Fossi Fotsi)

Satellite/Model
comparison on
surface
concentration
monthly mean
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SPM log10(mg/))
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Latitude

Example

Gironde estuary

(MARS3D-MUSTANG)

H (m)
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Example

Gironde estuary

(MARS3D-MUSTANG) -

Numerical simulation of mud fraction within the
surficial sediment bed (over 116 mm) in the
continental shelf adjacent to the Gironde Estuary
during 5 years. (a-f) Median over a neap-spring
tidal cycle at the end of each simulated year.
Figure from Diaz [2019].

(a)

10

46°N

40°

Mud fraction (116mm)

iti b
Initial - (b) 1st year

0.6

T

10'}

0.5
46°N |

0.4
50'

0.3

40'

10.2

10.1

0.6

0.5

04

0.3

10.2

10.1

46°N [\

50

0.6

0.5

0.4

0.3

10.2

1 0.1

0.6

0.5

0.4

0.3

10.2

10.1
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Example

Seine estuary
(MARSSD-
MUSTANG)

Evolution de |a salinité selon le plan vertical défini par le chenal de navigation
le 01/09f2010 00:49

=]

(.0 B |

cota an ¥ {cmh)
=

o)
salinité (g)

M
[}

383 373 367

o

342 38 333 328
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Example

Seine estuary
(MARSSD-
MUSTANG)

Grasso et al., 2018

SSC

depth-ave. (g/l)

Longitude

[MT,flood ; Q = 1000 m°/s]
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Example

Seine estuary
(MARSSD-
MUSTANG)

28'

49°N

26.00'

24'

Meas. 2009

10 15 20°

Meas. 2016

Az (m)

- o Accrétion

-5 Erosion

Meas. 2016-2009

%

15 20

Sim. 2016-2009

15 20
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SUMMARY

Underway — still processes to test in CROCO-MUSTANG
- Testing on floculation (FLOCMOQOD)
- Testing on consolidation

To Be Done

- 10O features : Mass balance, station
- [Effect on density

- [Effect of vegetation




