Research & Development

Circulation Model M2D:
Capabilities for Model Coupling and
Sediment Transport



Overview of M2D

2D horizontal circulation model (water level & current)
Rectilinear grid, variable cell size
Multiple types of forcing:

— Water level, wind, waves, flow rate, tidal constituents
Efficient calculations, no matrix solutions
Efficient storage in memory
Easy to configure & run



Topics

1. Capabilities & Features of M2D
2. Coupling w/ ADCIRC
3. Coupling w/ STWAVE thru Steering Module

4. Sediment Transport



Present Features

Multiple types of
boundary conditions

Wind forcing
Wave forcing
Variable cell size
Wetting & drying
Spatially - variable
friction coefficient

M2D domain for Shinnecock Inlet, NY




Sediment Transport*

« Sediment Transport

— Watanabe Total Load erosion
formulation (in place,
under testing)

— Update of bathymetry (in
place)

— Sediment transport rates
output as global vectors
(ln place) accretion

— Non-erodable bottom (in
progress)

Transport vectors and change in depth
Tide + waves

* Capability is in progress, release expected Fall 2003
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Cells given unique
identification numbers

Never-wetted areas
are not stored

Calculations point to
neighbor cells

No matrix indexing

Reduces memory
requirements for
complex shorelines



Boundary Conditions

« \Water-level time series

=
- PFOVIded by user — Boundary Conditions —Time Sefies———————————————
¥ Define curve
— Extracted from ADCIRC or other " Unassigned Boundary
models, automated in SMS ® M Bt @‘
Ideald
- Generated N SMS (¥ WSE-farcing ™ Extract from data set
® Tidal Constituents " Tidal Constituent-forcing SRS :
Wiew Extract
i FIOW rate " Open. nonorcing ¥ Interpolate between times
. — Browse for file
« Passive open boundary =
— Lets water move in & out of Heb | [k | conee
boundary (not forced)

— Needed nearshore w/ waves,
wind



Wave Forcing

« (Calculate wave-driven
currents, setup, & set down

 Wave stresses
Implemented into
momentum equations

* Input: time series of
radiation-stress gradient
fields

« Auto coupling w/ STWAVE
in SMS Steering Module Wave-induced current, idealized inlet




Wind Forcing

Calculate wind-

generated currents,

setup, set down

Time varying, spatially

homogenous

Wind-stress coefficient

(Hsu 1988)

— Wind speed

dependent

— Developed for
shallow water

Specify anemometer
height in M2D control Wind setup & set down, Baffin Bay, TX
file

Wind input: time series

of speed & direction




Wetting & Drying

* Represents inundation & exposure of cell bottom w/
variation in water level

 Beaches, shoals, tidal flats

Dry beach © | Wet beach
\ 2

Wetting & drying on a beach, idealized inlet



Bottom Friction Coefficient

Specified as Manning'’s
roughness coefficient n

Spatially variable

Scaled exponentially in
shallow water

— Depths > 0.2 m, no significant
scaling

— Maximum scaled C; = 2C;

M2ZD Cell Attributes

Cell Type
f* Active/Ocean Cel

i~ |nactive/Land Cell
i~ Observation Cell

Obzervation Cell Dutput Type
[T Time Series [T Flow Rate

[dentifier: |

R oughness Walue [Manning's M]: II:I. 025

Help | ok |

Cancel |




Grid Development
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 Domain & discretization
« Bathymetric data
 Manning’'s n

— Spatially variable

— Dependent on properties of
material

o Latitude

— Coriolis calculation

— Spatially variable or
constant

— For no Coriolis, set latitude
to zero
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Parameter
settings

Run options
Time control

Station output
specifications

Global output
specifications

Hot start option

Tide forcing
option

Model Control

M2D Model Control

Optional Input Files

I Initial Conditions File =

I ‘wind File =

¥ Time Specification File For Wector Plot Output _|| Example ' m:t
V¥ Time Specification File For Global Elevation Output _|| Example_E.m2t

Sfind Contral... |
Chooze Time... |
Chooze Time... |

¥ Global Velociy [=mzv]
¥ Global Elewation [*.m2s)

IWaveTide2
IWaveTideE

Hat Start File Prefix Tirne o YWrite Clut
Parameters. .. |
W wihite Hot Start Output File |1m23teer |25.E| hir.
Time Contral... |
Output Files File Prefix

Output Contral... |

{Tidal Constituents...

Sediment Transport F adiation Strezzes

[T Calculate Sediment Trarsport

Global Bottam Change Prefix [*.m2z) I
Time Step Size [zec) ID.D

[T Include STwWaYE Radiation Stresses

Help |

Cancel

o]




Parameter Settings & Run Options
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« Atmospheric parameters
i
— Anemometer height, typically 10 m | [ Miso. Porameters
. . . Anernormeter Height IW m
— Density ratio, typically 0.0012 et O
° Lati tu d e : Latitude Throughout Grid
. . . ' Cell-Specific Latitude
— Constant or variable over grid | € Aveisgelatie  [FE5
d Momentum equation Momentum E quation
. i W Include advective terms
_ AdveCtlve terms [T Include miing terms
- Mleng termS Wetting and Diving
. . [ V¥ &llow wetting and dryin
o Wettlng & Drylng g Depthtnb;;ingdrying;ellj ID.EIE m
— Enable Help ak Cancel |
— Depth at which cells are treated as

dry



Time Control

Start date & time
Length of simulation (hr)
Ramp duration (day)

Time step (sec)

— SMS has option to
compute max time step
based on Courant condition

— M2D requires time step
smaller than calculated
max

X
; —
Start D ate: RA3042002 =
Start Tirne: 12:00:00 &bk ﬁ
Sirmulation Duration:  [48.0 hirs
Famp Duration: 04 days
— Time Step Size
Compuite | II:I.E e
Help | ] I Cancel




Station Output

X
d Va rlable Output Time-Seriez Outputk Files
Prefix for Time Seres Files: IStE‘ti':'”TS
—_ Fl Ie n a m e p reflx Time Between Output File \rites; |1 200 ZEC
. . Select the Files to be ‘Written Qut:
- Tlme |nterva| fOr OUtpUt v U Output [T #-Momentum Advection U DD,
V . bI t t b W W Output [ “r-Momentum Advection U DD
- ariaples or terms 1o be v ET& Output [ -tomentum Advection ¥ DUDY
ertte n [~ U DETA/DR [ “-Momentum Advection ¥ DYDY
[T W DETA/DY [ ¥ Bottom Friction
o FIOW rate Output ™ ETADU/DR ™ * Bottom Friction
) ] ™ ETaDW/DY [T wind Stress
— File name prefix ™ ¥ Wind Stress
— Time interval for output Flow Rate Ouput Fies
p Prefix for Flow R ate Files: IStatiD”u
_ Tirne Between Output File \a/rites: | 3600 ZBC
Q, and/or Q, output o OuttFieWites: |
Select the Files to be ‘wiitten Out;
I X Direction I ¥ Direction
Help | (] I Cancel




Tidal Constituent Forcing

]
® H ead e r I I n e Tidal Constituent Header

M arne: |

— Text description, 1 line

Specifty Tidal Constituents to Farzce 'With

 Select constituents for forcing Lazelimnde Fhace
T M2 fo1344 1472
— Constituent rs2  Joozze [i750
_ : : MWz [oozee [1z60
Specify amplitude e [ [
— Specify phase K1 [oosss [esss

ot Joos |234.1
M4 [ooozz [izoe
™ M6 [ooosz  [1306

Help | Cancel |




Water level, u, v

Times for global
output

— Constant or
variable time
increments (hr)

— Time increment

generator in SMS
Global output file
prefix

Global Output
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MZD Model Control

Optional [nput Files
[ Initial Conditions File
™ “ind File

Wwind Contral..

¥ Time 5pecification File For Vector Plot Output

W Time Specification File For Global Elevation Output _|| Example_E.m2t

Choose Time. .

Choosze Time... |

v Global Velocity [ m2v]
W Global Elevation [*m2s)

Hat Start File Prefix Time to 'wiite Out
W “white Hot Start Output File |1m2$teer 25.0 bir.
Output Files File Prefix

I'W'a\-'eTide2
IW’aveTide2

FParameters. ..

Time Contral...

COutput Contral...

Sediment Transport

[T Calculate Sediment Transport

R adiation Streszes

[ Include ST'WwWAVE Fadistion Stresses

Global Bottom Change Prefix [*.mzz] I STWwAYE [nput File _I
Tirne Step Size [zec IEI.EI R adiation Stress [nput Fils _I

Help |

Ok I Cancel




Hot Start & Initial Conditions Ak

- Initial conditions

fi I e . [ Initial Conditiors Fils _I
) T Wind File [ Wind Cortroll. |

—_— H Ot Sta rtS ¥ Time 5pecification File For Vector Plot Output J E xample_* mzt Choosze Time. .. |
¥ Time Specification File For Global Elevation Dutput J Example_E.mat Chooze Time... |

— Numerical tests

Hot Start File Prefix Tirne o wite Ot Parameters. |
. = .
° S ave h Ot Sta rt fl | e ¥ “wiite Hot Start Dutput File |1 m2stear 25.0 . ool |
. Output Files File Prefix D Carfual., |
— Saves at 1 time W Global Velocity [* m2v] [waveTidez
. i W Glabal Elevation = m2s) [waveTidez
— File name prefix
Sediment Transport R adiation Streszes
[T Calculate Sediment Transport [ Include ST'WwWAVE Fadistion Stresses

Global Bottom Change Prefix [*.mzz] I STWwAYE [nput File _I
Tirne Step Size [zec IEI.EI R adiation Stress [nput Fils _I

Help Ok Cancel
_ teb | |




Wind & Wave Forcing

* Wind forcing =

_ Flle Contalnlng Optional Input Files
. . . [™ Initial Conditions File _|
times series of wind ™ wind File [ /ind Corroll,_|
S peed & d | re Ctlo n _|7 Time Specification File For Yectar Plat Output J E xample_* mzt Choose Time. . |
. ¥ Time Specification File For Global Elevation Dutput J Example_E.mat Chooze Time... |
« Wave forcing
Haot Start File Prefix Tirne ko white Out
. . _ _ Parameters... |
—_ U Se th IS d |alog W “white Hot Start Output File |1 P |25_|j br .
. . Time Contral... |
when not invoKki ng Output Files File Prefis
COutput Contral... |
Stee rl n g M Od u Ie v Global Velocity [ m2v] I'W'a\-'eTide2
. ! W Global Elevation [*m2s) IW’aveTide2
wave stress file
| d t Sediment Transport R adiation Streszes
a rea y p rese n [T Calculate Sediment Transport [ Include ST'WwWAVE Fadistion Stresses
_ Pa ra m ete rS Global Bottom Change Prefix [*.mzz] I STWwAYE [nput File _I
Tirne Step Size [zec IEIEI— R adiation Stress [nput Fils _I

automatically set
when using Hep | [ ok | Cconce

Steering Module )



Water Level Forcing Options
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M2D Boundary Conditions
Boundary Conditionz Time Senes
{+ Define curve .
" Unassigned Boundary Define wsel curve
+— .
" Flow R ate-farcing u W/I n S MS
sine
f* WSE forcing (" Ewtract from data set

<«— Extract wsel values from
ADCIRC or other model

" Tidal Constibuent-farcing

(" Open, non-farcing
v |nterpolate bebween times

Browse for file

o - Load existing file

Help | Ok Cancel




Extracted Water Levels
Coupling w/ ADCIRC

Extract Boundary Conditions
M2D Boundary Conditions _
Time Contral;
Boundary Canditions Time Series Modsl Time Units | Start Time | End Time |
" Define curve Lacal Madel haours 0.0 43.0
~ .
Lzl et Bioudan . , Regional Model |seconds ¥ |1800.0  174600.0
B At A RS
~ P
Flow Rate-forcing R egional Model Solution:
_ = 20 Mesh [ADCIRC) ~
{0 wSE -forcing (¥ Extract from data set —|- Generic Solution
elesation
Extract BC >
J | £ Tidal Congtituent-forcing =l fort. 63 ADCIRC) .
] . water surface elewvation (B3]
: Wiew Estract 5D CGrid
£ DOpen, non-forcin = ' i
F d v Interpolate between tmes D_cegr;i:;_l: isczznl[ﬁzizna] [active]
Browwse for file Depth
= Tidehw'ave [M20] _
= OceanCitySP [STWwibhE ] v
Help ] Cancel
Help | Extract Cancel




Model Coupling

* Rectilinear M2D can serve as a convenient local
model for representing coastal processes on the
same scale as the wave model.

« M2D can then be driven by the regional
oceanographic model ADCIRC, together with local
forcing of wind and tributary discharge.

« Considerations for coupling M2D with ADCIRC &
STWAVE are presented.



Coupling with ADCIRC

« SMS automates
coupling of ADCIRC &
M2D

 ADCIRC water levels
& interpolated onto
M2D boundary cells

 Time series of water
level saved as forcing
for M2D simulation

« CHETN available M2D grid & ADCIRC mesh at Shinnecock Inlet




-
S
]
8
2
]
o
Q
o3
S
2
]
]
0
@
o

Example

Forced w/ multiple

g
mI
o O
s._.nADn
.mwl

©
PO c
e.m.m..
.mxe
w— O -

model




Steering Module
Coupling with STWAVE

: T x|
Automated in SMS thru the reerine Hocu =
Steerlng MOdUIG Model steering bo perfarm: |M2D <=3 STWAVE j I
Radiation-stress gradients Total simulation tme: 3,00 Hours
from STWAVE mapped to M2D Time Control |
M2D grid Run STWAVE every |30 haurs
Water depths & current from HED- STWAVE
. Energy

M2D mapped to STWAVE grid ' Curert ok
Coupling frequency defined by

STWeE - 20
user ¥ iavedda  Esepolation: [Settozere 7]
1- or 2-way coupling T

20 Location ‘ STt E Icu:atin:un|
Help | START Cancel |




Steering Module Dialog
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rSteering Module -f
odel steering to perform: |M2D <=> STWAVE - . .
ebiazresi: (IR ~ Access to M2D timing parameters
Total gsimulation tine: 42,00 Hours /
M2D Time Contral |
IbREony E e || Steering Interval
M?-HTWM-’E
Erergy
¥ Curment field PaSS CU rrentS tO STWAVE

STWEANYE-»M2D

MiWayedds  Ewapoaiion [Setozze x| 4 Pggg wave information to M2D
—

kM20D Location | STWANE In:n::atin:nn|

Help START | Cancel |




Coupling Considerations A

« M2D & ADCIRC

— ADCIRC mesh resolution near M2D boundary
— ADCIRC output frequency

« M2D & STWAVE
— M2D vs. STWAVE grid conventions
— Grid resolution
— Coupling interval

 (General considerations



M2D & ADCIRC
Mesh Resolution Near M2D Boundary

ADCIRC node
spacing similar to
M2D cell dimension
— Near M2D boundary
— Accuracy in
interpolation to M2D
cell centers
Preserves water-level
distribution
— Wind setup/down
— Tidal phase

Triangles: ADCIRC mesh '
Rectangles: M2D grid \

%/\ /\

|

M2D ceII center

ADCIRC node l

'I







M2D & STWAVE

Grid Conventions
« M2D: relative to | ///// ‘Shoreline |
geographic
— Aligned w/ geographic

* X: E-W parallel
* y: N-S parallel
— Rotated +/- 45 deg w/
respect to geographic
« STWAVE: relative to - )
shoreline
— X: shore normal

— y: shore parallel S
M2D X y STWAVE

|
B
»




M2D & STWAVE
Grid Resolution

« Similar resolution nearshore (surf zone)

Research & Development

" ]
o / | |~ 10 STWAVE cell widths

10 STWAVE cell widths




M2D & STWAVE
Coupling Interval

o

b A AL

e
:m
-
—
T

- e (e [ | e e | o | e [ | e e e | [ | e [ | e e | e | e [ [ e [ [ | e | | e | | e | e | e | e e | -

* Time scales of processes
being calculated

— Changes in water level,
waves, wind

e Model run time

— Greater frequency of
coupling increases run

|dealized Beach

time m
. . 0.046
« Strength of interactions io.oas
. 0.030
— Greater frequency if 0.022
interactions strongly 0.014
. 0.006
dependent on time- 2.002
varying conditions o -
— Current & water level in - 0 B
an inlet modify wave .4.042 ERREARANRRRALNRN] |
2.050 —

propagation




General Considerations

« Each application will require judgment calls on
aspects of the model configuration & couplings

 Model response is dependent on:

— Physical & forcing properties (bathymetry, tide range,
wave properties, etc.)

— Grid properties (size, resolution, boundary conditions)
— Coupling settings (frequency of coupling, 1- or 2-way
interaction)



Sediment Transport

Transport code embedded w/in M2D
— Watanabe (1987)
— More formulations presently being implemented

Couple circulation & sed transport at user-defined
Intervals

Transport rates & depth change are calculated
Depth change fed back to circulation model
Output global transport rates & depth



SMS Options
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M2D Model Control
Turn on sed transport | swsieure
I Initial Conditions File: o
I wind File = { Canificl
v Time Specification File For Yector Plot Outpt _J OceanCitySP W mat Choosze Time...
¥ Time Specification File For Global Elevation Output J OceanCitySP_E. mZt Chooze Time. .
Hat Start
File Prefis Time to ‘wiite Dut
W ‘it Hot Start Output File [1mzsteer [25.0 b Parameters...

Time Contral...
Output Filez

|
|
S e d tra n S p O rt File: Prefi Output Contral. .. I|

W Global Velocity [.m2v] Tidew'ave e
idal Canstituents. ..
O u t p u t fi I eS W Global Elevation [*.m2s] Tidewiave

XSedimentTranspurt 1 Radiation Streszes

¥ Calculate Sediment Transport W Include STW&YE Radiation Stesses
~ Global Bottom Change Prefis (5 m2s] |battam

S e d tra n S p O rt Ca I C Global Tranzpart Rate Prefix [£.m2yv] IF

H S Tirie Slap i fsac) ]ﬁ‘— Fadiation Stress [nput File J 1mZztesr.rad
. —————
time step

STwSMNE Input File || DceanCitySP. sim

Help (] | Cancel




Example _
Idealized Inlet & Ebb Shoal A

oON MO




Example Results
Forcing by Waves z

Wave height & direction

= WiaveHeight, m

Change in depth

1.63 .
o erosion
147
0.93
0.7a
047

0.23

e e

mmmmmmm

accretion




Example Results
Forcing by Tide

ergsion

—

deposition
\




Future Capabilities

« Sediment Transport

— Range of sediment transport formulations
» Selected by user
» Selected by model

» Function of hydrodynamic regime (current strength,
wave properties, etc.)

* Multiple sediment transport formulations applied within a
single simulation
— Spatially variable
— Temporally variable based on changes in hydrodynamics

— Spatially-variable grain sizes
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