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and
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Coastal Modeling System (CMS)

CMS is a CIRP flagship product

 |Interactive calculation of waves, current, sediment transport, and morphology
change (shore term — storms, and long term — decades)

* Channels, jetties, and levees represented.

» 2D version — Non-Equilib sediment Transport (NET), Rapid Assessment of
Morphology (RAM).

* Represents sediment motion by waves and horizontal gradients in current —
vertical structure starting in FY10.

e Shoreline change & breach representation (as near jetties) underway.

* Vegetation module underway.

* Long been fully integrated in the SMS.

* Quick to setup and build efficient grids, given good bathymetry/forcing data.

» Scores of person-years at CHL, at SMS developers, and by academia and
consultants.
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Available processes/features in CMS-
Wave

* Directional Spectrum transformation
 Refraction/ Shoaling

* Depth-limited Wave breaking
 Diffraction

 Reflection (forward/backward)
e Transmission

 Run-up and set-up/set-down
 Wave-current interaction
 Wind

 White capping

e Bottom Friction

 Muddy Coast
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Recent additions to CMS-Wave

Depth {m) Wilave Vectar

e Wave run-up calculation

Four different wave-breaking formulas ~ ~°/, B T
« Extended Goda e N
« Extended Miche (New) ' 4 PR = e
« Battjes and Janssen (New) I S th b b AR L N A

« Chawla and Kirby (New) TSRRIIIITIIATIAY

e Ability to specify feature cells for wave
transmission, wave run-up and setup on beach
face, and wave overtopping structures

»  Grid nesting capability <

« ‘“Fast mode” (Simplified Formulation) run
capability
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Available processes/features in CMS-
Flow

 WL/Tide/Flux forcing

* Wind forcing (spatially constant at present)

 Wave forcing

o Sediment transport (Equilibrium and Non-
Equilibrium, Total Load and Advection-Diffusion)

« Wetting/Drying

e Bottom friction (spatially variable)

 Hard-bottom representation (non-erodible layer)

« Basic variable grain size

e Basic 2-d Salinity transport

o Parallel Processing on PC using OpenMP
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Recent Changes to CMS-Flow

* Increased Speed - An optimization of the coding structure for CMS-
Flow has created a 500 to 1,000 percent increase in simulation speed
depending on user's selections.

« Additional Sediment Transport Algorithm - A Non-equilibrium
(NET) version of the advection diffusion sediment transport algorithm in
CMS-Flow.

e OpenMP Parallelization - Use multiple processors on PCs to
reduce runtime.

» 2D Salinity Transport - Can specify a default global salinity
concentration as well as introduce a different sediment sources at
boundaries.

e Variable Grain Size (Phase 1) — Can specify zones of grain size
for sediment transport calculations.

 Improved Stability and Better Error Diagnostics.
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Quick Intro to a Few Features

Non-Equilibrium Sediment Transport (NET)

» Accounts for temporal and spatial lags between flow and sediment transport
e Can easily handle constrained sediment loading (over- or under-loading)

 Hard-bottom (non-erodible bottom) automatically computed

« Can simulate suspended and bed load separately or combined as bed-
material or total load

* Much more stable than equilibrium (standard) sediment transport

Accretion, m

[ 0400
Equilibrium Transport

NET generally produces a more natural
transport pattern.

Coastal Inlets Research Program Slide 8/40




Parallel Processing

 CMS-Flow has been parallelized using the OpenMP parallelization method. Routines

parallelized are: Fork and Join Model
e |nitialization Master

. Thread
* Hydrodynamics ‘>"thread5"
» Morphology Parallel region { * * * *

« Sediment Transport (ongoing)
* Salinity
« SMS interface implementation is underway. S
— . . Parallel region s
» Workaround: Access via “Advanced” tab in model control
* Add card “OPENMP_PROCESSORS <white space> #" 1

* On some newer computers (Intel and AMD) there are sometimes two “threads” per
processor. This is called Hyper-threading (HT)

« CMS will determine if the computer has HT capability and adjust the number of threads accordingly.
o If User specifies 1 processor and HT is available, CMS-Flow will operate with 2 threads !!

* Works best on grids with more than 20,000 cells.

» At some point, adding more processors will no longer speed up the run down and
cause unnecessary use of processors (see next slide).
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Parallel Processing

Time comparison from 1 interval of steering run

 Flow grid ~42,000 cells
« Hydro Timestep — 0.5 sec

Transport Timestep — 10 sec
Morphology update — 0.5 hr

Serial Parallel Parallel Parallel Parallel

1 Processor 1 Processor | 2 Processors | 3 Processors | 4 Processor

(2 Threads) (4 Threads) (6 Threads) (8 Threads)

Hydro + Waves only 12m52sec | 8 m23sec 4 m 29 sec 6 m 6 sec 5m4sec
~1.5x faster ~2.8x faster ~2.1x faster ~2.5x faster

Hydro + Waves + ST : 15m46sec | 8 m37sec 5m 10 sec 6 m 37 sec 6 m 34 sec
Total Load — Lund CIRP ~1.8x faster ~3.0x faster ~2.4x faster ~2.4x faster
Hydro + Waves + ST : 17m28sec | 11 m 15 sec 7 m17 sec 7 m 50 sec 7 m 15 sec
NET - LundCIRP capacity ~1.5x faster | ~2.4x faster ~2.2x faster ~2.4x faster
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Salinity

CMS-Flow Model Control

Present|y1 a Comblned Model Parameters  Transport ]Tidal ] ‘-.-\-"inu:l.f'\.-\-"avel Dutput] Cell: ] .-’-'«dvanu:ed]

transport timestep for both Time steps
iNi i ¥ Trarsportrate: |10 secar w Morphologic: |30 secor B
salinity and sediment. i =l pholag [secor =]

Salirity
. .. v Calculate zalinity Global concentration:  |28.0 ppt
« Activate salinity transport—. _
. . ediment
° ASSIg n defau It g IO bal Sal In Ity v Calculate sediment transpart v Use non-equilibrium transpart
conce ntratl on. /ﬂFDrmuIatiDn: Advection-diffuzion ~
L Sal N |ty conce ntratlon / Trahsport capacity formla: Lund-CIRP j
bou ndary COI’]dItIOﬂS are Sediment dnlansm_l,l [kgdr]: ZB50.0
Water denzity [kg/né]: 1025.0
en a-b I ed W ater temperature [deg C: 15.0
Bed load tranzpaort rate coefficient; 1.0
. . Suzpended load tranzport rate coefficient: 1.0
¢ ACt'Vate Sed I ment Marphaolagic acceleration factar: 1.0
transport Bed zlope coefficient: 1.0 w
» Choice of fundamental type o
. - . ard Battam
Of equatlons (EqUIIIbrlum or Create Dataset | Select Dataset. .. ‘ Hard Battarn

Non-equilibrium). —

* Assign various sediment CotoDataset | SectDatasat. | DS
parameters, coefficients,
and formulations.

Help (] | Cancel
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Salinity

Fesmarch & Oevplopmens!

 Select cellstrings to assign salinity

. Boundary Conditions Time Sernes
boundary forcing curves.  Land
 Pull-down menu has option for “Assign fe R e
BC " WSE forcing
» Cellstring has new “Salinity” option to  Tidal constituent-forcing
assign concentration forcing information. (~ WSE and Velogity-forsing

Saint Lucie Estuary

Salinity

Curve undefined.

T4 XY Series Editor 3

timelhrs) [ salinityfppt 120
o0 100
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Braowesze for file

g [rone zel
Help... |
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™
I
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Introduction to the SMS

SMS 10.1 Overview
A GUI to the Coastal Modellng System

Mitchell Brbwn |
Mitchell. E-Brown@usace.army.mil
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What is the SMS?

e A Pre-Processor

— Organize and create input files for Corps o,
of Engineers’ Numerical Models

A Post-Processor (visualize results)
— Create plots
— Create film loops
— Data calculator
— Data set creation
 Connect with outside tools
— Import/export CAD data
— Import/export GIS data
— Import/export tabular ASCII data
— Import/export image data
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SMS Interface

r

n 5M510.1 Development - [untitled.sms]

Toolbars

ﬁ] File Edit Display Data’ Cellstring CMS-Flow Web Window Help
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Major Functionality

 Manage/Transform/Edit/Optimize data
e Construct model domain (grids)
o Simplify model parameter specification
 Format data (File 1/O)
« Solution review/Post-processing

— Visualization

— Data set creation

— Plots and reports
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SMS Modules

 Separate Commands for
Separate Data Types 'R EEL IPRE PRk

— Scattered Data
— Conceptual/Map Data
— Finite Difference Data

Project Explorer

. * Project Explorer (Data Tree)
— Geometric objects in base

=[ZIEH pensaflow1990
..[123] D50
Hard Battorn |eve| Of the tree
MariningsN
Depth

L mion — Functional data sets

Ji23] pensaflow1990_elev

-2 pensaflow1390_morph O rg an | Z e d b e I OW

..{f7] pensaflow1990_vel
=[] Map Data
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SMS Tools

* Toolbars &
% — Toolbar switches which current geometric object.
ﬁ:ﬁ — Controls effects of mouse activity in graphics window
+  — Arrow in icon indicates “select” tool
— Dependent on current module and model
3 o Macro Bars «zHsw

— Display settings set in preferences (Edit|Preferences)
— Menu command equivalents VBl
— Available at all times
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Data In SMS

 Images
« Map Module
— Coastlines
— Field data
e Scatter Module
— Scattered depth data
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Data Types

Bathymetry

Coastline

Aerial Photos or
other plan-view
Images
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Download Images

%. Virtual Earth Map Locator,

Fesmarch & Oevplopmens!

Map Stvle  Map Options  Jump
Map Location Map Controlz
Lattude | 29.6689625253925 | Longiude |-91.194763183533 | | Jump to lacation -
w (222 () 2om
Down
De Quing e ] Baton Hou & - o " ol
2 J Basgile Church Point 5 |ge Covington i JKin —
o rusly, o TR I Killiar T Gulfpnrt DB
K lota Carencrol Breaux ! A i T @ Mandeuilie Lnng Beache o
zis e BT ¢ Bridge Plaquemine, ol Sludall
_ake Charles —lennings T z a R ey Gonzales M”m_-scas e, P - Eia'y St Louis |
3 il a1 earlington "
Vinton Prien Crowley WS " Lafayette Doneldsamill “Samentn Panteharirain  cat A AL - S
Lake Arthur P EOROIWIE, ——
e o St Martinville f5h. e qupwp LaPIaﬂe Bli
o ; ; wen
Hackbarry = Kaplan, Mew |beria Paincourtvilla L h Metairie Laka
o Gueydan o hbh@wllp n{_al_]- e .-_.o Va:th; utcher D-Chalmeite Bargne
Erath | 80 - reEmeretie, " 1 5
Caleasi ' A Mapoleonville New Orleans e ain
o Mississippi Delta and Wetlands o . Thibod @
AL LA . Baldwwin oFrﬁI'IHII'I ibodaux Eztelle Lake Lary
[ 2k i Varmilian Bay Morgan Cﬂy °5rhm=ver Mathews o Laka
ol Pattersonds == Salvadar
FPecan |sland Bayou \.I'I§1a Gray S8l a0y
Bayou Cana’ EI-| Larose Q‘Pnin1e.»!'u La Hache
Ouma st OFF
. , Paort Sulphur
n Galliana Baratarfa 0
Alchafaiaya Dulac a Bay Emgire
Bay “Golder . - Boolhvills
Meadow Buras %
Tarrabonmne Venica
- Bay
Catiou
Bay West Bay
oy W 40 miles
DINg. I = ]
- 4 ——
Pzl el ]
[ 0K ] [ Cancel ]

e Virtual Earth to locate site from inside SMS

« USGS as image source

Slide 21/40

Coastal Inlets Research Program




Scatter Data (TINs)

o Stores spatially varied data

— Bathymetric data most
common

— Interpolates from one
grid/mesh to another

— Allows combination of data
sources

— Data thinning or filtering
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Visualization of Scattered Data

 Options
— Magnify in Z direction
— Oblique or plan views

— Fill with contours
options
— Shading

Packery Channel, TX
Oblique view
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Coordinate Systems

* Projection defined by user (or projection file)
e Conversion or reprojection supported

. . Select Projection [mE3m]
Reproject Current @ .
Projection |
Current projection MHew projection
[ Specify Frojection: Load From File...
|State Plane Coordinate System ﬂ
Horizontal Huorizontal 0 _ Save To File...
~ ~ | atum: J
. ) NADE3 (FLORIDA HPGN) -
Lnits: Itz :
| J _ | _ J Flanar Units:
O * Global projection |FEET (5. SURVEY) ﬂ
Set Projection Fone:
Current Current Horida West (FIPS 502) bl
S UTH, NADES [FLORIDA HPGEM]... S UTH, NADS3 [FLORIDA HPGM]...
projechon: [ J prajechion: [ J Parameters:
Attribute Value

Wertical Vertical STATE PLANE SCALE FACTOR 1.000000000

Frojection: | Lacal J Frojection: | Lacal j

Urits: | Meters J Units: | Meters j

] | Cancel |

QK | Cancel
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Major Functionality

 Manage/Transform/Edit/Optimize data
o Construct model domain (grids)

— CMS-Flow/CMS-Wave/PTM
o Simplify model parameter specification
 Format data (File 1/O)
» Solution review/Post-processing

— Visualization

— Data set creation

— Plots and reports
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| Map Grid Frame to Grid
Constant Cell Size

Map -> 2D Grid (=3

Crigin and Orientation

Origin X: 319050.000000 ,E\ng|e: 0.000000 I size: 45790.385765 m
Origin ¥: 134020.000000 1 size: 44570,000000 m

I Cell Options J Cell Options
{+ Define cell sizes {+ Define cell sizes

* Cell size: 4679.038575 m o cell size: 4457.000000 m
" Mumber of cells: | 10 " Mumber of cells: | 10

" {

[ [

Depth Options

{* Constant: |0.000000 m

-~

Help... oK | Cancel |
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Map Grid Frame to Grid

Variable Spacing

Zoomed in

I
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Major Functionality

 Manage/Transform/Edit/Optimize data
e Construct model domain (grids)
o Simplify model parameter specification
 Format data (File 1/O)
« Solution review/Post-processing

— Visualization

— Data set creation

— Plots and reports
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Parameter Specification and File 1/O

Fesmarch & Oevplopmens!

CMS-Flow Model Control

Madel Parameters | Transport ] Tidal ] Wind Wave | Output | Cells | Advanced |

Time Contral Parameters

) T I m e C O n t rO I Start date: [@o2000 -~ Anemometer height: 10.0 m

Start time: 12:00 AM = Depth to begin drying cells: (0.05 m
® A u X I I I a ry F I I e S Simulation duration: a760.0 hirs WSE smoothing iterations: |3

11

Ramp duration: 4.000008 hrs Advection extrap. coeff : 1.0
o P a, r a, m ete rS Hydradynamic time step: |3.0 secs [ Include wall friction

Hot Start Latitude throughout grid

— Solver type al—
(" Average latitude: .00
- F I ag S [~ Wiite Hot Start output file Momentum Equation
|71: = Iv Include advective terms

¥ Include mixing t
—_— [ Automatic recuming Hot Start file MEIICE Midng terms

Help QK | Cancel
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Major Functionality

 Manage/Transform/Edit/Optimize data
e Construct model domain (grids)
o Simplify model parameter specification
 Format data (File 1/O)
» Solution review/Post-processing

— Visualization

— Data set creation

— Plots and reports
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What's New in SMS 10.1

o Dataset Toolbox
o Grid duplication/rotation tools
« Web Menu
e Spatial Data Coverages
— Data types
— Plot types
— Compass plots
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What's New in SMS 10.1

e Coordinate Projections
— More projections

— Automatic reprojection of data with projection
file

e Images
« CAD Data

 Annotation Layers
— North Arrows
— Legends
— Screen Space Images
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Datazet Toolbox

Tools

=+ Math
i Data Calculator

[=]- Temporal

Sample time steps
Compute derivative
[=]- Conwversion

- Scalar to Vector

L Vector to Scalar

[=I- Modification

Map activity

|pdate Available Tools

Help...

Coastal Inlets Research Program

Dataset Toolbox

Compare data sets

Base

Alternate

E--ﬁ pensaflow 1990 (CMS5-Flow)

Hard Bottom

ManningsM

Depth

E||_J Simulation

. pensaflow1990_elev
..[123] pensaflow1990_marph

Data Set Info... |

Value if base is inactive: | -59.0

Output data set name: | new data set

Slide 33/40

E--ﬁ pensaflow 1990 (CMS5-Flow)
.[i23 pso

Hard Bottom
ManningsM

Depth

E||_J Simulation

----- pensaflow 1990_elev

..[i23] pensaflow1990_marph

Data Set Info... |

Value if alternate is inactive: | 99.0

Compute
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Dataset Toolbox

 Temporal Operations « Conversions
— Sample times — Vector <-> Scalars
— Temporal derivatives o Coastal Functions
 Mathematical Operations — Wavelength/Celerity
— Comparisons — Courant number
— Data Calculator o Activity Mapping
e Spatial Operations — Map activity
— Spacing — Value filtering

— Gradients/Derivatives
— Smoothing
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Duplicate/Rotate Grid

Create Transformed Grid ==

e Accessed by Right Click on
Grid in Project Explorer

— Duplicate Flow grid for )
Wave model or vice-
versa

— Rotate Wave grid to
appropriate orientation

Curent |
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Web Menu

Fesmarch & Oevplopmens!

 Import data from

% Virtual Earth Map Locator,

Map Skyle  Map Options — Jumnj
web ... psivle Mapoptens  Jomp
Map Location Map Contrals
= Lafitude | 29.6669625259925| Longitude |-91.134763183593 | | Jump to location :
— I u a a Par: Right | Zoom: D
Die Quinc: i I Baton Hou T . - o
iy Bagile Chureh Point p el TN Cowgton g Kiln ]
- e s, B Killiar L g SUllPOT, i
— il Moss BILff Jota  [Carencro,  Breaux L (R 2 i Mandeville \ Long Beacha floxi
«illg Moas Blu Bridge P|aquEmInE°_ . 5 1l Slidell o |
. a ! |l
-ake Charles Jennings -~ x Sunshine NSonzaiey., S Lakd 7 I, A
3 kit earlington _.-.,
Finton k. Crowley ATE T afayette ) e Dot o SEEING O B v =
Tien Yl 4 Donaldsonville —
E I - - JLake Arthur 5t Martinvills oo Reserve, haPlace
—_— Hackbe o Kaplan e ew Iberia (© - paincaurtvile ™M g Metairie Laka
eva I o n a a Y Gueyden J oAbb::": TQI] o °° Vacheria. L Acher I:‘CI"L.‘;lImelte Borgne
ratl i - | SR, - P
e - WA Napoleanville New Orleans W
(e Mississippi Delta and Wetlands PR Thibodaux - | a8 Pary
- Al o Baldwin o ranklin ' Estalle ake Lery
. Varmiion Bay Morgan City| - *Schiever ypoyo,. - Lake
Laka < aihews.
Patters Py i
« Find Data o et
Bayou Canequ Laross JFointe A La Hache
oUMa-——"0c 4 o
, . Port Sulphur
n . Galliana Baralaria 7
Alchafataya Pulac ! Bay, Empire
— Links to usefu o T
Meadaw Bures %
Terrabonne fenice
] e Bay
Canfio
web sites 4
DINg 40 miles
D L
lidal Data

— Links to coastal
filtering tools

Coastal Inlets Research Pro

Coastal and Hydraulics

Slide 36/40




Spatial Data Coverages

« Create nodes at locations | [ ===
of interest (gauges) AT
« Associate temporal data E
with the location R CT
e Scalar data B
« X/Y vector data . e
. Mag/dir vector data [z = = =
« Plot types FRRE R
+ Scientific e
e Multi-axis =
« Rose plots e ] - ;]—3‘
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Spatial Data Coverages

Compass Plot Properties

Mame Rings
C O m p aSS p I Ot | Wind {10m) Murmber of rings: | 3 _|:|
- [ Display with compass Percent of maximum {0 - 100) |
 Displayed on

graphics window | (Frmmms =y [l
o Updates with dates

« User managed S

[ Only show direction

Legend Display Options [ Show connection lines
¥ Show legend [+ Filled background

Background color |:| -
Location: [Right -

[ Specify min/max values for rings
Wind Gage 1 (¥ Show min and max values

0.00 mis - (" Show one vector for each compass ring -
2.83 mis —=

Predsion: |2
L ] Arrow style: |Mormal -

Help... [ ok ]

Cancel
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Coordinate Projections

Reproject Current
. Current projection M ew projection
* All major datums ™ Speciy
. Harizontal Hearizantal
) P rOJ e Ct - " Local projection
U rits: kit
: | = | =]
—_ P O I nt ¥ {+ [labal projection
-
_ O bJ e Ct Current ; Select Projection ==
] ] nrcjechion: State Plane Coordinate Spste Jj
— Entire project Fofecton |
Yertical Projection: ond From Fi
o : ad From File...
® S u p po rt for Frojection |LDEal J |State Plane Coordinate System j E —
projection files N =) - o —
INADS3 |
' 1 Pl Units:
* Automatic detection *
of projections Zone
|Florida West (FIPS 302) |
_ I m ag eS Parameters:
Attribute Value
_ CA D STATE PLANE SCALE FACTOR 1.000000000
| oK | Cancel
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Annotation Layers

 Replaces
Drawing ODJecCtS | i o o v wose ser ==

SHSMEQE b =] v | z | 5

F

o N eW O b 1 t %\:: CGrid Module Depth
J e C S =L@ Cartesian Grid Data e 40.0
- o ced (2) 300 ¥
28 05D had 20.0 o
— Screen space || PR
--[123] ManningsM = 0 Y
. @ Depth o 00
-1 Simulation A
I m ag eS @ pensafiow]990_elev T 2200
{E] pensaflow]390_marph 0.0
i [t7] pensaflowl390_vel s -40.0
(logos, etc) T o o| W
] | [F1€D default coverage O
=] @ Annotation Data ’5

— Scale bars g
— North Arrows
« Organizes :

Time steps:

entities into :

18628 03:.00:.00

18628 04:00:00

I r 19628 050000
18628 0B-00:00

18628 070000

18628 08:00.00

18628 03:00:00

P AnChored In 18628 10:00 00 -

AAatEBE+OYaND 7

either world or
screen

EREERL RN
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