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Outline

« CMS Overview

* Review of Features and Capabilities

* Overview of User Interface

 Recent accomplishments and features

 Upcoming developments and
improvements

« Questions
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Overview of Presentation

* Introduction to the Surface-water Modeling System
(SMS v.13.1)

| = What is it?
= Tools, Modules, Data Tree, Images, etc.
\_ = CMS Models interface W

* Introduction to the Coastal Modeling System (CMS)

« CMS-Flow — Hydrodynamics, Sediment Transport, Morphology
Change

« CMS-Wave — Half-plane waves and Full-plane wind forcing.
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CMS Overview

CMS-Wave- . Since 1997...

f)lffractlon Reﬂectlon Ru-n up, Setup, » >75 Workshops
,_ "'T,’"_} | > Districts can
Current, Water Level, ; Helght P'Od Independently run the
—. Morphology Chanqie - | &= DlreR;té?:nc?r:ssstIfeitsion = CMS'
Hydrodynamics Advantages...
Circulation, Tide,

Wind, River | » Robust
@MS Flow > Physics-based

Morphodynamics % Sediment Transport

Bed Sorting . CMS/C2SHORE > | nteg rated SYSTEM

Bed Layering ‘ £ Mixed Grain Sizes

Dredge/Placement Sediment Mapping > In SMS
’ Salinity/Temperature > User_friendly

CMS Framework
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What is the SMS?

= A Pre-Processor
- Organize and create input files for Corps of Engineers’ numerical models

= A Post-Processor (visualize results)
* Create plots
* Create film loops
« Data calculator
- Dataset 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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Overview of the SMS interface

The SMS interface is modular. Separate modules pertaining to each data type. As the user switches from one module
to another, the menus and tools change. Inside the modules, the user associates a numerical model with a mesh or
grid. When that grid is active, the tools and menus for the associated model are also enabled.

The SMS screen includes several toolbars, edit fields, and menus. Some of these change as the user switches modules
or numerical models. The principal components include:

 Menu Bar - Menu to issue commands. These change as the module and model change.

« Edit Window - Fields directly below the menu bar showing the coordinates and function values for selected entities.
» Graphics Window - Display panel to show the data being manipulated.

» Project Explorer (Data Tree) - Tree representation of data currently referenced through SMS.

« Time Step Window — Appears if transient data are available.

» Toolbars - Several toolbars can be displayed. For more information on each toolbar, see the Toolbars article.

» Help or Status Window

The toolbars, project explorer, time steps window, and edit window are dockable windows. Dockable windows may be
positioned by the user.

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL
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SMS Modeling Suite SO

l& File Edit Display Data Cells Window Help MENU BAR =|2=
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Toolbars

BX:

« Static Toolbar
 Dynamic Toolbar
» Grid
» CMS-Flow li=« <+ B EBHTT
» CMS-Wave i =i «» < E T
» Scatter KeaNNSAGT
» Annotation Ba AT/ o0k
« Data Toolbar | & %
* Optional Toolbars
» Macro 0P 2Rl
» File cHeM
» Display 28 b
. ModuIeTooIbar ﬁﬁﬁﬂﬂﬁ*#.“}ﬁm&? E?
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Tools

Individual Tools
o Static Toolbar

% Pan ’:Zoom %% | Rotate

* Module Toolbar
@Mesh BH | Cartesian Grid ‘EI Scatterpoint H’f Map"_ﬁ Particle @Annotations

 Data Toolbar
@ Measurement Tool @ Get Data Tool

* Optional Toolbars

* Macro
. ShadngContours & Vectors‘ “'Info "ﬂ Plot Wizard

. File

7 |Open ESave IEPrint ill |Delete
* Display
Refresh @Frame[ Display Options EPlan View

aq,‘
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Dynamic Toolbar

Cartesian Grid / Quadtree tools

Map Data Tools

= Select Cell, Row, and Column | BH = Select Feature Node S
=  Split Column and Row i | = » Create Feature Node
= Move Column and Row Edges [¢]» - * Select Vertex 7
= Select and Create Cellstrings " Add Vertex ”'!
- Create Grid Frame 0 = Select Feature Arc I

= Create Feature Arc ~
" Apply Contour Labels [ = Select Feature Polygon |}

= Create 2-d Grid Frame |17
Scatter Data tools = Select 2-d Grid Frame |}
= Select and Create Point 1P

Selection tools usually have an arrow that

n . “he
Select and Create Breakline points to the specific type of element.

= Select and Create Triangle |4 /\

= Flip Triangle Edge 2 Creation tools are identical to selection
N
tools, only they do not have the arrow.
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Data Tree Components

=I-[v] @@ Cartesian Grid Data
- ﬁ Flow
D50
Hard Battom
td anningzM
Depth
—-[[]L5g Scatter Data

- Dlj Offshore_channelz-10m-

Z
— [+]C Map Data
[#]&D default coverage
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* The Data Tree makes selection of loaded datasets
easy. Simply click on a dataset to make it active, and
the graphics window updates accordingly.

= There are several “right-click” options available
depending on the type of dataset activated, and within
which module it is located. A few of these are:
» Basic Dataset Information
- Dataset-specific contour options
« Export to file
* Metadata Information

= The display of each asset in the Data Tree can be
turned off by unchecking the display box next to the
dataset name.

US Army Corps of Engineers e Engineer Research and Development Center e _—~ QCHIL
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SMS - a complete modelingl interface
Build a CMS model from start to finish — all within SMS

- e ~ \
Import Background Data ‘\,\ SN
e Topographic & bathymetric data— numerous formats supported \ \ '
e |Images— maps & aerial photos X
e CAD, GIS & spreadsheet data NN
ey |7 NS Create Conceptual Model
// // \"**““m e Delineate CMS model domain
L/ I % / e Define areas of finer resolution

Generate & Run CMS Models
e Automatically generate grid
Interpolate depths from background data

Utilize built-in interfaces to define model-specific parameters and
boundary conditions

Run model and visualize results

US Army Corps of Engineers e Engineer Research and Developme
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SMS - Data Processing — Import Wizard

File Import Wizard - 5tep 2 of 2

SMS data bepe: e ;
; : apping options
Catter Set - Filker Options
| Sl J | v Triangulate data | Delete long tiangles
| Mo dataflag | |
M arne: |Im|:u:|rtec| Data Merge duplicate points within tolerance: ID.DUDD'I an
File presiew
Type |* j i j &£ Li Scalar data j Wector & j Wector A
Header |#v 2637 pointz] WSE Welooity Welocity
105.074 -286.841 A0, 70 h3.318 1.260 -0. 706
104 575 -287.898 49 607 53,368 1.308 0412
104 076 -283.950 48454 3418 1.577 0712
103.612 -290.023 48,464 h3.376 2096 -0.604 o
& %
Firgt 20 linez dizplayed.
Help £ Back Firizh Cancel |
US Army Corps of Engineers e Engineer Research and Development Center e _— QCHIL &=
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Scattered Data (TINs)

» Stores spatially varied data

» Bathymetric data most common
» Interpolates from one grid/mesh to another
» Allows combination of data sources

» Facilitates data thinning or filtering

US Army Corps of Engineers e Engineer Research and Development Center e
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Visualization of Scattered Data

= Options
* Magnify in Z direction
* Oblique or plan views

 Fill with contours options
« Shading

Humboldt Bay, CA
Oblique view
Z-magnification 5x

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL
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LIDAR Surveys

Gradient

1.50
1.48
0.75
0.09
0.06
0.04
0.03
0.0z
0.0
0.0
0.0
0.00
0.00
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Breaklines
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Operating with Scatter Sets

Right Click Menu

=SS [ 7 ST
Project Explorer

-1 [w] Scatter Data
- [[*] OC_5P83_ MD_Meters

23 Z2

- [¥]L¥ Map Data
[#]%5 default coverage

- 0C_5P83 MD_Hog
O T, ot

Delete
Cuplicate
Fename
Split

Convert

Coordinate Corveersion. ..

Metadata. ..

Zoom o Scatter

Merge

Merge Scatter Sets

Select Scatker Sets

Priority

Scatterset

| Merge | Dataset |

1

2

O SPEE_MD_Metkers

CC_SPE3_MD_HorizontalF. ..

Select all |

Deselect all

Cptions For the Mew Scatter Set

Marne: | Merged

| Delete old sets

Help |

[ z
[ 7

Cwerlapping Poinks
i Keep all points
" Keep fram higher priority scatterset

K, Zancel |
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Points and Triangles

User can delete points or
triangles to change extents of a
set.

User can swap edges to alter

shape of surface
* Used in linear interpolation
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opo Maps Aerial Photos
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Image Data

Overlay data over images
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54 QAT REHLE, GEOLOGICAL SURVEY

o] E] PTG 5

i nmee b

UNITED STATRS
EPARTMENT OF THE INTERIOR ool QUADRANGLE R
L ORK LK GO DEPARTMENT OF THE INTERIOR

T L OL0oInAL SURVEY

a3 ok e

e

Funnar 5
Tove | Comartt

Porijuoguz

CSHINNECOCK BAY S

Ponguge’

i i

!

4 i |
Panaoage #L -:t.f" :
S -

S D § Pt

US Army Corps of Engineers o Engineer Research and Development Center o _—~ CHL s
UNCLASSIFIED



CMS-Flow Interface: Pull-down menus
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Data Cells Web Window
Data Set Toolbox...
VTK Data Calculator...

Film Loop...
Transform...

Zonal Classification

Set Contour Min/Max

Contour Range Options...

Map Elevation...

The Data pull-down menu contains many items — here are a few: £ssEs

» Dataset Toolbox — Dataset-based operations (includes Calculator)

Vector/Contour Options — Change appearance of data within the Graphics Window

Film Loop — Generate animations based on loaded data/solutions

Transform — manually changes geometry properties

Map Elevation — Define a dataset to be the “Z” (Depth) dataset for a grid

Cells Web Window
Find...

Display Data Cells Web
Display Options...
Lighting Options...
Projection...

Reproject All...

Single Point Projection...

Refresh

Frame Image
View

Plot Wizard...

The Cells pull-down menu contains options for finding specific cells and
manipulating one or many selected cells.

The Display pull-down menu contains commands to manipulate what
and how data is viewed inside the interface.

« Display Options — Affect visibility of various options

« Lighting Options — Enable and modify an “external light source”

» Projection — Set the default display projection for items loaded into SMS
« View — get information on various selections for later reproducibility.

* Plot Wizard — View loaded data in various graphical charts and plots.

S Army Corps of Engineers e Engineer Research and Development Center e _——~ QCHL s
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CMS-Flow Model Control
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Parameter Specification and File I/O

= Time Control
= Auxiliary Files
= Parameters
* Wet/Dry depth
* Flags
= Process sections to Include
* Flow
Sediment Transport
Wind
Waves
Salinity
Output options

@ Model Control

General Flow Sediment Transport Salinity Wave Wind

Output

Start date/time:

| 12/15/2014 12:00:00 am |

Simulation duration:

| 43492 | hours -

Ramp duration:

|IZI.5 | days -

Second order skewness correction

Hot start
[] Iritial conditions file

Select (none selected)

Write Hot Start output file

Time to write out: |4B | hrs

Automatic recurring Hot Start file

Interval: | 0.34 | hrs

Solution scheme
Implicit =
Matrix solver: GMRES -

Threads

Help...

Cancel

US Army Corps of Engineers e Engineer Research and Development Center e
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CMS-Wave Interface: Pull-down Menus
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Data Cells Web Window
Data Set Toolbox...
VTK Data Calculator...

Film Loop...
Transform...

Zonal Classification

Set Contour Min/Max

Contour Range Options..

Map Elevation...

The Data pull-down menu uses most of the items as for CMS-Flow:

« Dataset Toolbox — Dataset-based operations (includes Calculator)

Vector/Contour Options — Change appearance of data within the Graphics Window

Film Loop — Generate animations based on loaded data/solutions

Transform — manually changes geometry properties

Map Elevation — Define a dataset to be the “Z” (Depth) dataset for a grid

The CMS-Wave menu contains commands to operate the model.

CMS-WAVE Web Window

Assign Cell Attributes
Merge Cells

Model Check...

Model Control...
Export CMS-WAVE Files
Launch CMS-WAVE

Hel
: * Model Control — Set up the parameters and running options for a CMS-Wave simulation

» Model Check — Analyze present wave grid and modeling parameters for errors before run
commences.

» Export CMS-Wave files — Writes all the CMS-Wave information out to the correctly formatted
files.

Save project, Export and Launch cvs-wave | ©  Launch CMS-Wave — Runs CMS-Wave with assigned options

» Save project, Export, and Launch — Saves the project and then both exports the files and
launches the model, all in one step.

US Army Corps of Engineers e Engineer Research and Development Center e _——~ QCHL s
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Spectral Energy Menu

@ Spectral Energy *

Spectral Manager Spectral Viewer

Creste Grid | | View: [Polar ~] Energy: [0015844383812!
Import Spectra ] Export Spectra | s vl;;'f Q ‘% @ )

= New gnd P
EE 0000 Spectral Energy
.. 2.000000
- 4,000000 0.37664055074882

Example Of Imported g.m - 0.2824966681158

! - 0.1883477787435
i 10.000000

Spectra from Wave Gauge - 1200000 j

- 14000000 0.000049999
- 16.000000
- 18.000000 .04 Hz
- 20.000000
- 22000000
- 24000000
- 26.000000
e 2R DOONNN by
IUpdate Reference Time...

15-Dec-2014 0:00 Units: hours

Integration Plots
[ Frequency
™ Direction

Comer Info: 2 selected

. |

US Army Corps of Engineers o Engineer Research and Development Center e _— QCHL =
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Generate Spectra from Bulk Criteria

UNCLASSIFIED

Generate Spectra

— Parameter Settings

Generation Method: | TMA (Shallow Water)

E

~Angle Settings
Projection:

X

IShora Nomal ;]

1 REY 300

Import | Import from GenCade

20

(10.0

Time Offset (hrs)/Index | Angle (deg) | Hs {m) | Tp (s) | Gamma

KK

Select from several types of
generation methods.

Observe the direction relative
to the created wave grid.

UNCLASSIFIED
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CMS-Wave Model Control

CMS-WAVE Model Control

input Forcing | [ Settings
Bed Friction
Curments: None L‘ “ Forward reflection: None b
[None £

Turn on Wetting & Drying of Cells
Turn on Reflection (FWD, BWD) B ] Of - Dy Wesbach fcton cosficers. | Bocknandeectan: [one =

n = Manning friction coefficient

Choose Bed Friction type Spects || Mt Saver
Source: |Spahally varied :} | r—T lj Muddy bed: None -
Set parameters Paratype: [Farpars =3 bt [
ermpolation type: interpolation ¥ Wave brealing formula:
Choose Output Datasets — R P B
¥ Allow wetting and drying [ Nondinear wave effect
Choose Wave Source S =

¥ Diffraction intensity: [4-0 ¥ Fast-mode un
Date Format: m -~ Output Input Datasets

Wind I~ Radiation stresses  Format:  |ASCI| vl Format: |ASCII v]

Source: | Constant ;i I Sea/swell

¥ Wave breaking
* Indices

Define Cases... | (" Energy dissipation
Hob. ok | cod |

e — ——
COASTAL &
HYDRAULICS
LABORATORY
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Dataset Toolbox

Mathematical Operations

« Comparisons

- Data Calculator
Spatial Operations

« Spacing

* Gradients/Derivatives

« Smoothing
Temporal Operations

 Sample times

 Temporal derivatives
Conversions

* Vector <-> Scalars
Activity Mapping

- Map activity

- Value filtering

UNCLASSIFIED

Dataset Toolbox

Tools
E-Math

! i-Data Calculator
i i Angle convention
£l Spatal
. - Geometry
i l.Grid Spadng
EI -Temporal
| -Sample time steps
.- Compute derivative
! i-Merge datasets
EI Conversion
i i-Scalar to Vector
i iwVactor to Scalar
El- Modification

-Map activity

‘.- Filter

Update Available Tools

| Help... [

1 Compare datasets

—Base

1 Alternate -

[= E Flow-v6-Grid (active)

--[£] D50

[£] Hard Bottom

--[Z] ManningsN

__z"j Fd
B-03 Alt5

. [E] current_Magnitude
 -Doen
Morphology_Change

- L[E] water_Elevation
-[E] x location

--[Z] v location

Data Set Info... |
Value if base is inactive: |99-0

=-Lg} 2D Cartesian Grid (CMS-WAVE)
i =-HH wave-ve (CMs-WAVE)
- Z] Depth
5] Lpg Quadtree
E]E Flow-v6-Grid (active)
--[E] ps0
-[Z] Hard Bottom
--[Z] ManningsN
z Z
=-CJ AltS
- [E] current_Magnitude
Depth
Morphology_Change
“-[E] Water_Elevation
~[Z] x location
.[E] v location

Data Set Info... ] Interpolatior |

Output dataset name: |new dataset

Value if alternate is inactive: | -99.0

Compute |

US Army Corps of Engineers e

Engineer Research and Development Center e
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Dataset Calculator

Dataset Toolbox X Bd T ) DR
Tools | Data Calculator
B Math ~Data Sets ~Time Steps
-~ Compare datasets =B Flow-v6-Grid [rooo0000 |
i - Angle convention =
§ .= d2. Hard Bottom
(=) Spatial
. - Geometry ER M
. - Grid Spacing (2] d4. 2
(- Temporal =3 AltS
. --Sample time steps . [E] ds. current_Magnitude
- Compute derivative . .[E] d7. Depth
:---Melge datasets . d8. Morphology_Change
L Comeysn - t.[Z] d9. water_Elevation
- Scalar to Vector 410, xloca
. - Vector to Scalar . Ion
E-M_odiﬁcaﬁm ~{E] d11. y location
-~ Map activity T Use all time steps
: ey . & e
Calculator
A O D BN
- | In | Xy | max |
- | o | st |
Add to Expression | Data Set Info... + | 1/x | abs | floor |
Update Available Tools Output dataset name: Inew dataset Compute |
veb... |
. . COASTAL &
US Army Corps of Engineers e Engineer Research and Development Center e %CH PR
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Coordinate Projections

- Display Projecti s
[ | AII major datums IE-FI E’_',." fI:IJEC 10N
Haorizontal
m Project (" Mo projection Unitz:  |Meters J
 Point {* Global projection Set Projection. . |
. Projection name: S
° Object NAD 1933 StatePlane Mew Jerzey FIPS 2900 [Meters)
- i WwWET:
* Entlre projeCt FROJCS["Malb_1933_StatePlane_Mew Jerzey FIPS_2300".GEOGLCS
. . . ["GCS_Morth_smerican_1983" DATUM
= Support for projection files ['D_Notth_American_1383" SPHEROID
["GRS_1980" £375137.0,298 2572221 01]). PRIMEM[" Greenwich™ 0.0 UNIT
. . . . ["Degres" 0.01 74532925199433] . PROJECTION
= Automatic detection of projections ["Transverse_Mercator'] PAREMETER v
. |mages Werlical
« CAD
D aturn: |L|:n:a| ﬂ Unitz: | Meters j
 GIS

Help. .. | ak. Cancel |

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHIL &=
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SMS - Post Processing

Annotations
Graphic images

Animations

« .avi filmloops
» .kmz - Google Earth Exports

2D Plots

* Time series
* Profiles and Cross sections — both steady state and transient

US Army Corps of Engineers e Engineer Research and Development Center e _— QHIL =3
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Annotation Layers

I
m
=

H H @l File Edit Display Data Web Window
Replaces Drawing Objects | % s oo o e v R

New Objects e " g o t AQUAVEO

30.0 &
* Screen space images " o

(Iog OS) {ZJ Depth DID‘ X

® S Ca I e b a rS -[i23] pensaflow!930_slev -20.0
* North Arrows © B e Dot

-530.0
-40.0

L[] default coverage

=1-[#15@ Annotation Data

Organizes entities into I Layr 1

layers

Anchored to either world
or screen

FOONA2ED|®R4

Time steps:

15625 00:00:00
18628 01:00:00 o

Meters
1] 2500 5000 7500

[E8|
¥l -—'.‘?[ﬂ|

RAARHEBE YO raNk

&
RIEEEERTN RN
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Contour/Vector Plots
e

US Army Corps of Engineers e Engineer Research and Development Center e
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Google Earth KML Overlay

Depth (m)
50.0

= 400
= 300
= 20.0
= 100

0.0

1™ 3
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Obtaining and Activating SMS
https://cirp.usace.army.mil/products/SMS.php

USACE District and ERDC staff —

Contact sms@usace.army.mil and request a password for any version of
SMS. If no response in one business day, contact
mitchell.e.brown@usace.army.mil to facilitate.

Others —
Visit https://www.aquaveo.com/password request for a temporary password.
Contact Aquaveo sales at sales@aquaveo.com or call (801) 302-1400.
Request evaluation version from within the SMS registration form.

US Army Corps of Engineers ¢ Engineer Research and Development Center e _— QCHIL =
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Overview of Presentation

* Introduction to the Surface-water Modeling System
(SMS v.13.1)

« What is it?
= Tools, Modules, Data Tree, Images, etc.
« CMS Models interface

* Introduction to the Coastal Modeling System (CMS)
« CMS-Flow — Hydrodynamics, Sediment Transport, Morphology

Change
« CMS-Wave — Half-plane waves and Full-plane wind forcing.

US Army Corps of Engineers e Engineer Research and Development Center e ’:
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Objective

Deliver to District engineer’s desktops integrated advanced
models that can be used as a practical engineering tool for
coastal shoaling and erosion problems in reduction of O&M
costs.

> Integrated: All relevant processes, models efficiently coupled together
» Practical: PC-based, user-friendly interface, fast, robust, and accurate

» Deliver: Manuals, tech reports, journal papers, Wiki, workshops, phone
help, etc.

US Army Corps of Engineers e Engineer Research and Development Center e
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Coastal Modeling System

What is the CMS?

- Integrated wave, current, and morphology change
model in the Surface-water Modeling System (SMS).

lefractlon Reflectlon Ru‘n up, Setup,

Overtopping, Wave Generat" n, ures, . Why CMS?
erHelghtPnO d Operational at ERDC, several Districts and many
- ('i/luor:eggk\;VateghI;er:/eé,~ 4@ Direction, Dissipation, COﬂSUltlng CompanleS
-t~ ™ Radiation Stress | - Validated with real applications
2 » Robust and user-friendly
Hydrodynamics « Easy to set up and fast to get results quickly

Circulation, Tide,

g e hu Types of Applications
C M S F I oW Channels: Deepening, widening, lengthening,

Morphodynamics % Sediment Transport reahgnmg
Bed Sorting N CMS/C2SHORE

Bed Layering Mixed Grain Sizes o Jetties: Lengthening, raising, rehabbing
e b B Sedientlarere « O&M: Placement areas — berms, wetlands

* Processes:
Navigability — waves and currents;

Salinity/Temperature

CMS Framework Environmental — circulation and sediment transport
US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL =
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Coastal Modeling System

Availability

Exportng theborom friction dataser

Coasta| Modeling System
Overviey, background and Capabilities

Alex Sénchez

Research Hydraulic Engineer
Coastal ang Hydraulics Laborao,
Engineer. Res

€arch ang Deve/opment Center
May 20, 29 10

2 CHS - CIRPwiki Mozilla Firefoy
L™

0 | L ams - crrpyiy * 5
& 2

.
PHckp vsace.my i G- om0 enkagey -
2 Hiction gy, Berumeg On
P30 | [“dscusson

Yiew source | [ Fisiory
CmMs

S12Wallfriggo,
Tee

Coasta| Modeling System

search

MOPhOlagy Change  An Advanced gy,
Wave & Tige r"*”" ==

driven Current:

Navigation

i B || Teceiis Modelin
Measureq | M an integrateq syige o
. ™0Gels for simyggin,

sediment trangpoy,
< | mompholag, change j
30635, The gyt

ERDC/CHL TR-06-9

Practical appiications
S Doc Porty

¥ P channel performance

Caleulateq ™Management foy ¢ g

* Hep > : adjacent beaches i,
inks - _ § Improve the Usage of
e —— Operation ang Mainte
* vt o Thecwss intengeq
* ey & and Engineering 1o, 1

ﬁiﬁi:‘"’""" CMS takes

® Aduaveo Wepgy,

Coastal and Hydraulics Laboratory

OSI-DYOCeSsm
P— Backgroung
. :";:_:0 (Thm; ;MSX:as Ubeen 2 research gng development argq Othe Coagty) gy Rese,
. i ¥ the Uniteg gyy1p¢ o COmS of Enginge, o 2
s drn eCrig Rogoayer, o

G i g I?mnupmem Center (Usace o . Coastal ang Hydraulics Laboratory (CHL)
ot s it oy 919UD of numgyig o mOGBIS that haye pgqy UMer developmepy
Ry "OMation on the e 1 Publications ,,, the CMS can e found at the ¢y
* Relt cpgpge. * Key Feanyyqq -
* Specil page,
- r— * Fully integratey System
* Permaners 1 CMS Flow . njng ow,

' Sedimeny and sq it

e r nity mogey

OWSe Propertes 2 cMS-Wm-snecualw NSlormation

3. CMs.pyy ) !

_Daticle tracking Mode

C«mheuimwmhm

Two-Dimension

Mode| CMS.Mm2p-
ediment Trang,

UNCLASSIFIED

e el
Rsdabdac 71 N

p g

- r Products) ] . ensive
» CIRP website S:lni(ieterface is relatively inexp
- a
»CMS is Free

" Pol-?c;?:qhai.Li@usace-a""“"m'I

rmy.mil
'tcheII.E.Brown@usac:ar;ﬁ
_ rilhwa.Lin@usace.armv.

Documentation

j apers
TR’s, CHETN’s and j_c;uLnbasllp
" Ser\:tet':sl'Ilciré.usace.army.mll b
e i iki.info/wiki/CMS _ v
> . https#l(’:lrgvt\:ilz:a.laill be available in early
» New User’s

Training and Support

i ries
d webinar se
d individual works:hopz 2: CIRP website
» Many annua!ti:;al webinars and video
' c
» CMS instru

STAL &
—ESSW

t Center o
Developmen

ineers e Engineer Research and

of Enginee

US Army Corps
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Scales of Coverage
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TIME SCALE
MICRO MESO MACRO MEGA ULTRA
Sec-min hour-week month -year decades century

SPACE SCALE

MACRO
km - 10 km

MEGA
sub-regional

ULTRA
regional

CMS-Wave
CMS-Flow
PTM

"/éoussinesq
Modeling
Technology

~

GenCade
Inlet Reservoir Model
Sediment Budgets

CPT

Shoaling Toolbox
Sec 111 Guidance
RMAP

Sojadry

SOAB/\\ PUES

UCI" oD |B)SROD WIa)uUoT] sied

S|eeoysg  buliju| [euueyy) JnodS  pjoysaiy) Jodsuel]

3OVdS ISNOLS3IY JIDO0TOHJHOW

Turbulence ind
Waves

Tide Coastal currents Sea level rise / Global warming

Redional climate
variation (e.g., El

Nino)

Seasonal variations
River discharges

FORCING, TIME

US Army Corps of Engineers e

Engineer Research and Development Center e
UNCLASSIFIED
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CMS-Flow: Key Features

Finite Volume Method Current Waves
- Conserves mass vy RS TR h -
o Stable .ﬁ ' - | l . :
Inline sediment transport  |& - E T SR s

and morphology change e o T
- Non-equilibrium total load s i =
« Multiple-sized transport i A N Y ““a"g ISiE
- Bed sorting and layering R

Inline CMS-Wave model ) : oy £
- Wave-current interactions oo RS A
Nesting capability o I i
Sedlment Transport Morphology Change

Forcing
* Tidal constituents or water level, river flux, wind, atmospheric pressure, waves, etc.

US Army Corps of Engineers e Engineer Research and Development Center e %CHL EYeRAUcs.
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Overview of Governing Equations

Hydrodynamics

« Conservative form of depth-averaged shallow water equations.
* Includes Coriolis, wave and wind forcing, bottom and wave friction, and turbulent
diffusion

Sediment
* Non-Equilibrium (AD Total Load)
« Equilibrium Total Load (Exner equation)
 Eq. Bed Load + Advection-Diffusion Suspended Load

Salinity (simple)
* Advection-Diffusion equation
* No density effects for sediment transport.

Waves
 Wave-action balance equation with diffraction

US Army Corps of Engineers e Engineer Research and Development Center e
UNCLASSIFIED
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Hydrodynamics
Conservative form of the depth-averaged shallow water

equations in Cartesian coordinates

ah+8(hU,.):S, j=12  h={+p
ot Ox
o(hv,) | o(huU,) Pl B (Vth U, ]+ L v o)
Ot Ox ’ ’ Ox, Ox, ox, | p l
Depth-averaged current velocity
Total water depth Coriolis
Still water depth Turbulent eddy viscosity
Water surface elevation Bottom stress (including waves)
Gravity Wave stress (forcing)
Atmospheric Pressure Wind stress
Precipitation /Evaporation
US Army Corps of Engineers e Engineer Research and Development Center e , ﬁw

UNCLASSIFIED 44



UNCLASSIFIED

Sediment Transport: Multiple Size Classes
Bed Sorting and Gradation

= First layer
(active or mixing layer) ™ T

) Mixing (15t)
‘\

= Second layer 5 Layer .

AN /‘
= Thickness of first layer \ Fxchange

determined based on e,
bed characteristics layers
* Fixed number of layers

= Layers merge and split

« Min and max layer t trAt t t+AL
thickness a. Erosion b. Deposition

US Army Corps of Engineers e Engineer Research and Development Center e _— QHIL =3
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Grid Options in the

Surface-water Modeling System i‘ﬂ_‘}.
Regular Cartesian Nonuniform Cartesian Telescoping / Quadtree
(squares) (rectangles) (non-conforming squares)
US Army Corps of Engineers e Engineer Research and Development Center e _—~ QCHL
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Forcing and
Boundary Conditions

Forcing

- Spatially constant and variable wind
fields

 Atmospheric pressure gradients

« Wave and roller stresses

Boundary Conditions (BC)

« Closed (wall) BC

* River Flux BC

« Water level time series

« One-way nesting

- Tidal database boundary extraction

 Wind and wave-adjusted water level
boundary conditions

UNCLASSIFIED

Depth, m
52.0
38.0
240
10.0
-4.0

A,
ST

v
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A_Vér “
17
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e
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US Army Corps of Engineers e Engineer Research and Development Center e
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Validation: Tidal propagation Quarter Annulus
Analytical solution

M2 Tide Depth, m

2530
« No Bottom friction 29 75
* No viscosity fgég
« Time step: 10 min 1510
12.55
10.00
0.6
— Analytical —— Calculated
04 /- A - A - ™\ - A\ - &
Eood-- - Y
()
>
- 04\t -4\ N
5
s 021\ NS
04+----- NS /SN NS S /
_0.6 T T T T T
2 25 3 35 4 45 5
Time, day ter e —— QCHIL #35

UNCLASSIFIED 48
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Validation: Spur dike case

0.194
0.193
0.192
0.191
0.19
0.188
0.188
0.187
0.186
METERS
0.185 - 07 07
o Calculated o Measured
06 — Measured | i ------------- -.:— ------------- 06 1 — Caleulated [ 77T T T T
) — e o S R :
yho=0.85 :
04 4---n-ops R ERRCEEEELE T GRGREEETEEEELE
==IIII & ;
RRRRRH I .
[T !
T CC T 02 b g AR S—
01 g oo b
02 0 02 0.4 0.6
v, mls

Velocity Magnitude, misec

0.0

Water Surface Elevation, m

0.195

Engineer Research and Development Center o — QCHIL &
UNCLASSIFIED 49
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Validation: Packery Channel, TX

Depth (m) Ml U

0.2}
0.1

0
0A1F

Water level (m, MWL)

-0.2}

Packery 005

Recorded
Modeled

01/12 04/12 07/12

10/12 13/12 16/12

ebb, + flood)

-0.51

JFK Bridge 150

Recorded
Modeled

Velocity (m/s; -

_1 | |
01/12 04/12 07/12

10/12

13/12 16/12

US Army Corps of Engineers e Engineer Research and Development Center e
UNCLASSIFIED

HHHHHHHHHH
LABORATORY

50



UNCLASSIFIED

Validation: Nested Grid Capability

Can obtain forcing information from:
« Larger domain (cwms, ADCIRC)

* Tidal Constituent Databases
(LeProvost, ADCIRC Atlantic & Pacific, others)

Depth, m

14.00
1233
10.67
S.00
7.33
5.67
4.00
233
0.67
-1.00

-xtracted U,V,
% WSE

=V

Much finer
resolution in child
(smaller) domain

——eee
COASTAL &
HHHHHHHHHH
I LABORATORY
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Validation: Nested Grid Capability
Water Elevation

Water Level, m

-0.300
-0.30
-0.302
-0.303 !
-0.304
-0.306
-0.307
-0.308
-0.308
-0.310

Water Leveal, m
-0.300 h

-0.301 K
0,302
0,303
0304
0,306
0.307

-0.308
-0.309

0310y
S

e — ——
H ! ( COASTAL &
HHHHHHHHHH
| LABORATORY
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Validation: Nested Grid Capability
Current Velocity .

0.200
0.178
0.156
0.133
0.111
0.089
0067
0.044
Current Speed, mis g'ggg
0200 /A y Current, m/s
0.178 |/]4 0.66 m/s —
D156 j 0.00 m's
0,133 |4 !
Q.11 / !
0.089 | Pty
0067 {,.A“'JJ. W i
0.044 1] it
0.022 Baqitiin (
0 000 | //,"/lf,."ﬂi 4
Current, mis i A8 ; Etiilsth
0.66 m/s \ A : ;
0.00 mis SEEaRiie Fobagde ol
i
i diary
/ 7 sl aaafs
b o ) ; AAr afeifaapean
P Y B S £ vfe ife g
ol rr el heEedie g
O A T A S N
¥ I R S I B O ¥ - f & | <
! [ I I ) L e o i 7
A AR A DA A AR A A o A B P SO
T —— CHL
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1

Validation: 2D Salinity || ¢ woiee

| m] Measured, 1m below surface
Calculated

—_—
(9}

Gironde Estuary, FR

Salinity (kg/m3)
=)

5
;ﬁ&mggmﬁ% i
POINTE DE ROYAN 0 ! \ \ \ | | | |
GRAVE 60 65 70 75 80 85 90 95 100
FRANCE Time (hr)
X }\ 40"
PK 68 -
; “x\____} Gironde Estury 12 O Measured, 1m above bed
PK 62 B O Measured, 1m below surface Paullack
v SPAIN Calculated
ol
0 10 20km i
|

.-y PK52
Pauillac’} \
i

Salinity (kg/m3)
(@)
I

W

BEC D AMBES

La Reuille \§
PK 20
Marquis

50 55 60 65 70 75 80
Time (hr)

Bordeaux

20000

__DENENEEEEN

Ssal: 2 4 6 8101214 1618202224

10000

La Reole f___,,-"'"'_‘_‘_‘ .
v =" EDbb tide "%
0 20000 40000 60000
US Army Corps of Engineers e Engineer Research and Development Center e _—~ QCHIL
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CMS-Wave : Key Features

« Shoaling, refraction, diffraction, reflection
 Bottom friction
* White capping T . .. 8
» Wave breaking (4 options) ;  avenrion;
* Wind generation !

« Wave-current, and

|

Roughness Wave wall
e

elements
N

wave-wave interactions Py i .
- . =t
 Transmission, runup, and o o
overtopping J
* Muddy bottom <
« Automatic grid rotation wil
 Non-uniform Cartesian L me T e e

slope

grid with nesting capability
« Simplified Formulation “Fast Mode” for non-production runs
* Reduces run time between 5-7x

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL
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CMS-Wave: Governing Equation

Wave-Action Balance Equation with Diffraction
Diffraction intensity factor

-~

d(c, +u)dAl Ool(c, +v)A] Jc,A4A] « 1
g@x + gy@y + agg = G{(ccgcoszﬁAy)y—EccgcoszﬁAyy}JrSm+Sdp

where 4=E/c ,wave-action spectrum

and £ = E(o0,0) , wave directional spectrum o]

Note: x is normal to the , /ﬁ‘"’e

offshore boundary;

y is parallel to the

offshore boundary X shore i

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL =
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Validation:
Louisiana Muddy Coast

UNCLASSIFIED

Wave Height (m)

Snagtir”5F
s

S L e .
22 23 24 25 26 27 28 29 30 31
4 T T T T T

T T
' : - CSI5
3+ 5 : : : : : sand only |
: _ : : — with mud

™ i i i il | i | M\w % R s
1% 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3
January 2004

Wave Height Hs, m  \Wave Height Hs, m
-]
h
= |
=S
; L
a L
ML
N

1.0
08 Wave Vector
. 06 1.00m—
‘-.’-J-.'.
e O T b
@ !‘:E 0.4
L Bl ‘ 0.2
ASel N 0.0 &
Depth, m (USL) 5 _".,’.‘-j ' \‘.L‘;” 4
— 1000 ,L/
&0 =
poe . )
300 R Primarily sand
- 200
— 100
=3 R
)
42041 ! =
4 | o | — Wave Period (sec)
3 | - | - oS 4.0
S SO S W SIS VN SN M — S sand only
: ' ' — with mud 35

3.0
2.5
20
1.5 :
1.0 ah

US Army Corps of Engineers e Engineer Research and Development Center e
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Validation: Wave Run-up

Mearshore Foreshore 0.8
+ - >
Slope
1:1 &
07 23 .
¢ 1.2 o
2:5 R A ®
06 - ﬁ 0% A0 o
1:5to 1:30 . o mo
05f Tt w87
' wao o g B8 7 0
a Fay T g
o ¢ + [%% F o
04l ° + 2 a0 D@‘? ++ +
' IR 33 40

e
W
T

CMS-Wave 2% Exceedence Runup, RZ(m)
o
M

Wave run-up: rush of waves up a slope or structure

o
=

Two-percent run-up, R2 : the vertical up-rush level exceeded
by 2-percent of the larger run-up height 0

1 1 1 1 1 1 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Measured 2% Exceedence Wave Runup, R2 (m)

Ahrens & Titus (1981), Mase & lwagaki (1984)
~ 400 laboratory experiments

US Army Corps of Engineers e Engineer Research and Development Center e _——~ QCHL s
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Validation: Wind-Wave Generation

4 T

— SPM(1984)
-& - CM&-Wave

U =35 m/sec

[#3)

&
U =20m/sec

Wave Height (m)
- (]

U =10 m/sec

0 e - T | ! !
0 5 10 15 20
Fetch (km)
8 T
— SPM(1984)
5 -&- CMS-Wave N U =35 misec

Wave Period (sec)
.

2
0 | | | |
0 5 10 15 20
Fetch (km) = N | BT
US miinii A\ 4V | QO VI LI 1YIIITCTI1 O - | - | HNIGCCOI I1\CovTdilvuIl dIIuU L/OUVUOIUMIITITIIL Ul 1L0I hd ,;// 5 t'lggéﬁr%%%
y % Y Y M =
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1

. MBWAY Rita r
— CMS-Wave

Validation: Wave Generation at Matagorda Bay, TX

e
wn

Wave Height Hs, m

1

[ peskpenod |

Wave Period, sec
Lo T LS R L2 = -

1 | 1 | 1 1 1 | | | 1 A 1 1 | 1 | | 1 | II | | | 1 JJ 1
1 10 20 30
T T T T T T T T T T T T T 01 T 1 I_‘I‘I T "l I“"I T T T T
5 W—| - spectral peak mean | : B ST
i ' : S S A
& St g g [ W ;_.ﬁié:al.. |
g El Jligs e L N
= A Ty .
N 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 | f+] 1 1 1 1 1 1 il 1
1 10 20 30
5 wh —— E. Matagorda Bay ( |
= — Port O'Connor
L st -
& ; A
2 gl \KH'"
s g
N 1 1 1 1 1 1 1 1 | I I NN [N (N NN (S NN N S N A 'nh IIIIII
! 10 2 30 Hurricane Rita
g ............................. 0400 UTC, 24 September 2005
16
g 12
§ 4 Ry s
% 10 20 . <M o1 e
o= 4 s COASTAL &
- - - ‘Sepla;me'rzvtmsr' - g~ — . | IYHIVUL 1\UOVUIVIT UTTU U VUIVMTTIVE L u\al-]ter L] %CHL FXBDSQX-%%SY

UNCLASSIFIED 60



UNCLASSIFIED

Coupling between Flow and Waves

= Steering process

= Roller included In
wave model

» Sediment transport
and morphology

A

Wave Model

Spectral Wave
Transformation

/

Effective Current Velocities
Water Surface Elevation
Bed Elevation

Significant Wave Height
Wave Mean Direction
Wave Peak Period
Radiation Stress Gradients
Wave Dissipation

N

change included in

Flow Model
Hydrodynamics,

Sediment Transport and
Morphology Change

'S
flow model . Flow
£ = \\/ave
= Flow and Wave models |
O eerin E—
may have the same or |5 ‘a1
different grids g
. _Computational Time >

Adjustments to future
water levels made with
astronomical tide
estimates

US Army Corps of Engineers e Engineer Research and Development Center e
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Infra-grawty Wave at Humboldt Bay, CA

without infra-gravity wave

/

Incident wave:
2m, 15 sec
from NE

with infra-gravity wave

Additional wave energy

&~ reaches back shoreline

El
?E

20

‘IS

10

08 RN
asm 00 - COASTAL &
i er e HYDRAULICS
. Z LABORATORY
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Sediment Transport: Key features

Three Sediment transport models
 Non-Eq. (AD Total Load) -- default
« Equilibrium Total Load (Exner equation)
* Eq. Bed Load + AD Suspended Load
Four sediment transport formulas
* Lund-CIRP -- default

« Van Rijn | B

- Watanabe L ']\.‘. '

- Soulsby-van Rijn o AN \
Hard-bottom N e

Avalanching |
Bed slope influence on bed load i 1 1{4
Multiple-sized sed. transport

Bed Layering

Eulerian Tracking (via Class Fractions)

% \\ Pensacola
a4 \\ Pass, FL

C
Merph Change (m)
1.0
NN hY 06
ol |

. e 22 § ‘ I '|Ilh_‘jr
. 06 LT ETEE =
s 1.0 wH

~

Channel Infilling ~700,000 cu m

Merrimack Inlet, MA

i

US Army Corps of Engineers e Engineer Research and Development Center e
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Sediment Transport

Equilibrium Total-Load Transport Model

* Assumes both the bed and suspended loads are in local equilibrium
at all times.

» Solves the Exner Equation (sediment mass balance equation)

(1-p) 2 =%y O p 1,15
Prlor " ox, x| Max,
D, — Bed-slope coefficient
p. — Sediment porosity
g, — Equilibrium total load sediment transport
¢ — Still water depth
US Army Corps of Engineers s Engineer Research and Development Center e = CHL &
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Sediment Transport

Non-equilibrium Sediment Transport Model

Adopts
« Adaptation concept

C, — Total load concentration

Solves
« AD equation for total load concentration S, — Transport correction factor
o hC o(hU .C 0 o(r.C '
[ t)+ ( j t) _ Kh ( s z) ro,m, (Ct* _Cz) r, = Fraction of suspended load
o\ p, o Ox; Ox; a, — Adaptation coefficient
- Sediment balance equation for bed change rate w, —> Fall velocity

m

. 0C 0 o
l-p )—=a,0,(C.—-C,))+—| D,|q,|—
( P at t f( t ) ax |: qu‘ax.:|

J J

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL =
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Non-Equilibrium Transport (NET)  shinnecock Inlet, NY

Advantages of NET

»Accounts for temporal and spatial lags
between flow and sediment transport
(typically reduces transport and smooths it
in a physically correct way) . s . . Equilibrium

Morphology Change, m Morphology Change, m

»Hard-bottom automatically
represented

> Realistic results
»More stable

X Measured
1997-1998

Non-

US Army Corps of Engineers e Engineer Research and Development Center e _——~ QCHIL
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Bed Aggradation (Multiple-sized sediments)

V Fesiing.

Elevation, m

o
o1

o
IN

o
w

o
N

0.1

m
¢
®
(@)

Measured Bed t=0 hr

Measured Bed t=4 hr

Measured Bed t=16 hr
Measured Bed t=32.4 hr
Measured Water Level t=32.4 hr
Calculated Bed t=4 hr
Calculated Bed t=16 hr
Calculated Bed t=32.4 hr
Calculated Water Level t=4 hr
Calculated Water Level t=16 hr
Calculated Water Level t=32.4 hr

— — 1 Y~

10 20
Distance, m

30 40

-
[04)
(@]
o

()]
RN
o

20
15}
2
>
S 10}
o
©
L
5 L
10" 10° 10" 10
Grain size. mm
®

F 116 50+
- 114
e L
E40
L1412 S
330
F 110 c
©
L s o 20

¢ Measured d50
@® Measured d90

Calculated d50

Calculated d90
= = = |nitial d50

- = =« |nitial d90

0 5 10 15 20 25 30

Distance, m

'ch and Development Center e
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Validation: Channel Infilling

Waves parallel to flow

Distance, m
1

0.35 w :
ITest 01 Initial Bathy
| : B Measured 15 hr
- Computed 15 hr
04 1--\-""°7 w & Measured7.5hr| ] L
: = Computed 7.5 hr _
e | | i
%OAS””” ””3””
(] |
N S e gl N N e A Initial Bathymetry |
0_5:,,,,,,,,,J,,,,,,,,,:,, B Measured, 10 hr
i : : : ! ! Calculated, 10 hr
| — Currentonly - o) _/ o
2 4 6 8 ‘v e 14 |
Distance, m !
Galappatti and Vreugdenhil (1985) Van Rijn (1985)
035 Horizontal Distance, m
1 Test 02 13 15 17 19 21 23 25
04i 7777777777 : 77777777 [ 04 ‘ 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 |
£045 1\ N ey I 2045 - -\ - g - [ - eTee _———
£ | %
§ 051 ----\--___ LN e M.e‘asured 15hr | £ 054 - - -\ Nefet
! ! | —Initial bathy = '
] : ! |=——Computed 15 hr e
055 1 -~ ~----\--" ey S - |=——Computed 7.5 hr| - - 80557 77777777
] ‘ ‘ g & Measured, 23 hr 30 min
0.6 : ——— - © - .
, ) . Current only 2 06!l -\ /J Calculated, 23 hr 30 min |

Distance

‘Galappatti and Vreugdenhil (1985)

0.65 -

US Army Corps of Engineers e Engineer Research and Develoy Waves perpendicular to flow
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Van Rijn and Havinga (1995)
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More Validation |
Clear-water Jet (Thuc 1991) hd breakwater 1983)

Distance, m
0 1 2 3 4 5
0 1 1 1 1
¢ Measured
.05 F--mnmmeemem e e oo —NET
.00“
01 4
E 015
£
&
& 02
025 + S
03 |- rssses®S Hard-botiom ™™
a r = Otto Morphology Change, m
035 0.01
0.0075
‘Water Dagth, 0005
S — 0.0025
Eyagge@ - HINEEEEE 867361
§§ EEEEEEE -0.0025
sl || VIR 2L SIS f - AR DAL A0t - CAT L v | [ ] -0.005
o2 EEEEEEE -0.0075
e . -0.01
HHHH e e e R R e e wupesnnmnna SRR R s,
"""" COASTAL &
~ 1 arch and Development Center e %CHLE@%&%
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Chesapeake Bay: Storm Surge Flooding
(Hurricane Isabel)

Norfolk Naval Bas
o e _
Yorfolk Naval Air Station

Norfolk Naval Base 2 J\Atlantic Ocean

COASTAL &
HYDRAULICS
LABORATORY
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Hurricane Isabel Simulation :
17-21 Sep 2003
 Domain Size: 20 x 24 km W
« 530k cells (rectilinear grid) .
* 10-300 m resolution §:;
- WSE from regional ADCIRC model | "
- Wind and atmospheric pressure N
from PBL model ol /J
%\M/ :
Norfolk Naval Base 7m1é"f*?‘%’iﬁ %ﬁﬂ“
Norfolk Naval Air Station 3{ TR, ?‘i
US Army Corps of Engineers o Engineer Research and Development %@ég:&r“
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Norfolk Air Force Base

(ft, MSL)

WS
15
13.0
1.0
9.0
7.0

Example water
level

U

| |
1 iy,
' )

W h\
-l- COASTAL &
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Animation based on CMS Results

-.-'- = _ F;!":_-J.._I. nr _rg..r;m (3= TEi JWH‘T
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Depth, m

Grays Harbor, WA e = AN

217 ¥
1 03 | i g T CNr T T T

-1.0

Objective

* Determine if growing spit will
affect adjacent navigation
channel

Result

« Cause and prediction of spit
growth determined

« Spit does grow and was not
expected to significantly
impact nav. channel in next 3
years

HHHHHHHHHH

US Army Corps of Engineers e Engineer
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Extreme Wetting/Drying:
Bahia Grande, TX

Remediation, restoration
project

Wind-blown sand is
hazardous to power line
transformers and human
health

1:1500 slope

Circulation dominated by
wind

Laguna Madre

US Army Corps of Engineers e Engineer Research and Development Center e _—~ QCHIL
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Wind Generated Flow in Bahia Grande, TX

Animation

US Army Corps of Engineers e Engineer Research and Development Center e _— QHIL =3
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{ Fork and Join Model

Parallel Processing Thread ,.
S {‘>

» CMS-Flow parallelized using OpenMP
> Implicit Solution Scheme — Upper limit = 4

> Explicit Solution Scheme — Upper limit = # of procs
on Machine Parallel region * * * i I’ ;:f;akz‘;
Speedup for CMS-Flow Explicit using multiple processors 1
700
g 600 | Hl:)nllbOIﬂt Bay, CA
i 500 — ~d0kcells
-g 400 —
q) | . .
o 300 - speed up=100 SerlaIRuntlme
» 200 — —— Hydro + Waves Parallel Run time
100 —
o L | | | |
0 2 4 6 8 10 12 14 16
Number of Processes (threads)
US Army Corps of Engineers e Engineer Research and Development Center e _—— QCHIL s
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Shark River Inlet, NJ Application

/4
Jersay ) Sandy Hook
£ Shark River Inlet

Atlantic

}élﬁ‘efnativemﬁ -30m
'Channel Wideners

<

Existing Condition — *
“Jan 2009 (Post-
dredging)

Consistent with
volume removed
during the next
dredging (~10k m?3)

R

Jetty Extension

gineers

oy
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CMS/PTM Application:
Poplar Island, MD

Time (s)

1000000

100000

10000

1000

100

10

ZiGrid Module Depth

2.0
1.75
1.5
1.25
1.0
0.75
0.5
0.25
0.0
-0.25
-0.5

M Fine grain (D = 0.0005 mm) B Fine grain (D = 0.01 mm)

M Neutrally-buoyant

Average Time Minimum Time Maximum Time Median Time

Standard
Deviation

Mode

Residence
Times

ant Center e

COASTAL &
HYDRAULICS
LABORATORY

—— CHIL
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Poplar Island, Cell 1A (CMS/PTM)

Animation

US Army Corps of Engineers e Engineer Research and Development Center o — QHIL =
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Mixed Sediment Transport Model (SEDZLJ) — in process

* |ncorporate the SEDZLJ into CMS

via CORSED libraries CMS-SEDLIBJ Integration
= Add the capability of simulating the —

[ \
type_sedzlj_cms_mod ) type_sedzlj_cms )

COheSive Sediment transport in CMS Public Member Functiens | Public Atiributes

type_sedzlj_cms_mod::type_sedzlj_cms Type

» Compare SEDZLJ with CMS- Reterence
Sed i m e nt tra nS po rt a n d With L I DAR Inheritance diagram for type_sedzl|_cms_mod: type_sedzlj_cms: —
surveys I

type_sedzl_cms_mod
Ctype_sedzl_cms

Data Types List ~ ‘ Files ~ ‘ Q- Search

[legend]
Collaboration diagram for type_sedzl_cms_mod:type_sedzl]_cms:

atype_sedzlj

type_constituent_s| < sl_constituents type_sedzl_cms_maod
_mod:type_constituent_sl ctype_sedzli_cms

atype_constituent_mod | hl_consmuint_g

catype_constituent -« - -
type_constituent_hl
_mod:type_constituent_bl

—

[legend]

K33 g

US Army Corps of Engineers e Engineer Research and Development Center e _—~ QCHIL
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Sediment Mapping
(Coos Bay, Oregon and Ft. Pierce, Florida)

* Conduct data analysis, examine sediment
transport, and identify sand pathways

* Model development for sediment mapping
simulations (Ft Pierce inlet system and
adjacent beaches)

* Conduct mid- to long-term simulations to
cover the period of sediment tracer
deployment and sampling

» Build CMS/SMS model control dialog for
Sediment Mapping

US Army Corps of Engineers e Engineer Research and Development Center e = CHI_ ey
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Implementation of Sea-level change interface in SMS 13.0+

https://cwbi-app.sec.usace.army.mil/rccslc/slcc_calc.html

UNCLASSIFIED

Estimated Relative Sea Level Change Projections - Gauge: 9418767, North Spit: Humboldt Bay, CA

10
8
o
Les]
S
< 6
£
k7
2
c 4
L&) e
'}
w
1.4
2
2000 2010 2020 2030
@ Arc Boundary Condition X
| Options
Name: :
Type:
WSE-forcing o
WSE Source:
Curve i
Define curve:
W QH&
[
WSE offset [ Sea Level Change:
Curve ¥ y
Define curve for WSE Offset (m):
/ ]

WSE (m, MSL)

— USACE High : -~

—— USACE Int Year ”fsﬁt Usf:t{i

= USACE Low 2000 0.04 0.04

2000 005 005

2002 0.05 0.05

2003 006 006

004 006 007

005 007 007

2006 0.0 0.08

007 008 008

/ 008 008 009
2000 009 010

2010 0.09 0.10

o1 010 O.M

012 010 O.M

2013 on 0.12

2014 0.1 0.13

015 012 013

016 012 0.14

2040 2050 2060 2070 2080 2090 2100 207 0.13 0.14
2018 0 0.15

019 014 0.16

Year 020 014 017
2021 015 047

2022 015 018

023 016 0.19

024 016 019

0

2 i i i
2001 2002 2003

2004

2005 i 2006 j 2007 j 2008 : 2009 j 2010

Effective WSE forcing with SLC curve

2030 0.20 023 0.36 2066 0.38 0.53 1.00

2031 0.20 0.24 0.37 2067 0.39 0.54 1.02

2032 0.21 0.25 0.39 2068 0.39 0.55 1.04
203 021 26
0 0.22 26
0 27

SLC is incorporated in the CMS

through application of a constant
value or a time-series curve within
the SMS framework.

Presently, this model capability is
applicable to the WSE-forcing open
boundary type specified as a WSE
Curve or by Tidal Constituents in
the CMS.

US Army Corps of Engineers e
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Implementation of Dredge Module interface into SMS 13.0+

Single- or multiple-grain size transport i el ‘
Represent sediment by discrete grain | | Pkt |

size classes I
Dynamically adjust bathymetry and it

construct islands ¥ | e

Options for dredging and placement O rmrn I
operations DURING simulations S powes =
Evaluate the morphologic i

changes and estimate future |§: o |
dredging requirements EE#I*

Morphology Change, m

uuuuu

EEEREEN Resulting d50, mm

US Army Corps of Engineers ¢ Engineer Research and Development Center e — QHIL &5
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Implementation of Sediment Volume tool interface into

SMS 13.1+

»= Define mining and
placement zones

= SMS generates new
alternative grids based on
multiple setups

* More accurate than
modifying depths cell by

UNCLASSIFIED

AQUA =0~

@ Mass Balance Table

Mass Balance Table

Ty

Marme D Polygon type Cut / fill type Value Pricrity Priority % bas
1 Channel 2 Specified cut region * | Constant elevation (m) * -5 1.03)
2 Placement 1 Available fill region = | Relative thickness (m) > 5 1 > 100 3.78
3
4

cell to reach desired F

volume of material.

mmmmmm

US Army Corps of Engineers—s ENQIMEer RESearcn ana DEVEIOPIMENT CENEr Z SN

UNCLASSIFIED
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Validation and Testing of CSHORE in CMS

« CSHORE sediment transport
option is implemented

- Dependencies on waves, currents
are satisfied with CMS wave, flow
module solutions

» The computed concentration field
and sediment transport has been
verified with the theoretical
CSHORE basis

» A comparison of the new
implementation vs LSTF data is
ongoing.

« Brad Johnson is working on this
part of the code.

Bottom

US Army Corps of Engineers e Engineer Research and Development Center e _— QCHL
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Documentation

CIRP website

UNCLASSIFIED

CIRP Wiki

US Army Corps of Engineers

Coastal Inlets Research Program

7% Home Products  EEPublications (b Tech Transfer ¢ Wiki A\ CIRP et

Facebook

Coastal Modeling System (CMS)

The Coastal Modeling System is an integrated 2D numerical modeling system for simulating waves, A
current, water level, sediment transport, and morphology change at coastal inlets and entrances. HH&C
Emphasis of the CMS is on navigation channel performance and sediment exchange between the CoP }
inlet and adjacent beaches. A key objective of this work is to develap, test, and transfer the CMS to

o . . ) . i Preferred
Corps Districts and industry for use on specific engineering studies.

Join our announcement list for CMS updates on releases, new training material, workshops, and more.

Subscribe by email Unsubscribe by email

CMS Versions and Tools

CMS-Merged (implicit and explicit) - v5.0 to v5.3 (updated)

CMS-Implicit - v4.1 - variable spaced or quadtree non-conforming grid. ALSO contains inline wave model.

CMS-Wave Standalone - For use with CMS-Flow Explicit or by itself

Main page

CIRP products
CIRP publications
CMS Main Page
CMS Doc Portal
GenCade

Help

links———

CIRP Website
RSM Website
CHL Website

USACE Navigation
Gateway

Aguaveo Website
wiki resources

Tools——

What links here
Related changes
Special pages
Printable version
Permanent link

Dana infarmatian

Create account Log in

Main page Read Viewsource View history | Search CIRPwiki Q

Coastal Inlets Research Program (CIRP) Wiki

Information on CIRP and online help for all CIRP/CMS products.

CIRP Products

« Coastal Modeling System (CMS)

+ Channel Prioritization Tool (CPT)

+ Coastal Structures Management, Analysis, and Ranking Tool (CSMART)
« Corps Shoaling Analysis Tool (CSAT)

« GenCade

+ Sediment Budget Analysis System (SBAS)

 Inlets Portal

Executables, publications and additional information on these products can be found at
https://cirp.usace.army.mil/productse?

« CIRP Publications

« CIRP Website®®

* Aquaveot?

» Surface-water Modeling System (SMS) Wikig?
« WIS Project Websiteg?

https://cirp.usace.army.mil/

https://cirpwiki.info

US Army Corps of Engineers e Engineer Research and Development Center e
UNCLASSIFIED
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Documentation — Website (cirp.usace.army.mil)

* Products
« CMS
« GenCade
* Others

= Publications
 Technical Reports
« CHETNS
« Journal Articles
* Others

= Tech Transfer
« Webinars

 Workshops
* Video Clips

UNCLASSIFIED

Coastal Inlets Research Program

US Army Corps of Engineers

¥ Home Products  #BPublications O Tech Transfer J ¢ Wiki A\ CIRP Facehook
CIRP Tech Discussions
CIRP Te« Wehinars ~
Worksh »
US Army Corps G e
of Engineers. USAC Meetings <
CHL Navigation R&D Collaboration Video
Brochures »
The Coastal Inlets Research Program (CIR . . ¢ Transfer Workshop from 19 -
: sters » : 2 e e
23 September 2022. The workshop will = —~——0f Engineers’ Mobile District

Area Office, located in Mobile, Alabama.

The focus of this workshop is on the Surface-Water Modeling_System (SMS) Version 13.1, Coastal
Modeling System (CMS) Version 5.2, and GenCade Version 1.1.8.

Note: This will be a hybrid workshop with very limited seating availability at the Mobile District. Otherwise, the
workshop will be conducted via Webex. Contact Mitchell Brown, mitchell.e.brown@usace.army.mil, to see if there is
room to attend in person.

Webex connection information:
https://usacel.webex.com/join/CIRP. For audio, choose to have the system call you.

US Army Corps of Engineers e Eng

Time | Mon, 19 Sep Tue, 20 Sep Wed, 21 Sep Thu, 22 Sep Fri, 23 Sep
CMS (v5.2) CMS (v5.2) GenCade CMS (v5.2)
(v1.1.8)
Flow grid Steering Multiple Sediment
creation Introduction to Grain Sizes
Post- GenCade
0830 Flow model processing Advanced Topics aSTALE
= control Simple Example Rt
1200 Hydro- Walk-Thru SMS 13.2 demo

89
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Documentation — Wiki (https://cirpwiki.info)

= CMS

* Documentation
Portal

* Tutorials
* Technical Info
(Equations)
« Validation Cases
= Gencade
* Information
 User Guide

US Army Corps of Engineers e

Eng

GenCade Users Guide
1. Getting Started

This GenCade guide was last updated in November 2010. Most of the screenshots used in this guide were
created with the August 25, 2010, build of the SMS. This guide refers to GenCade_v1_070.exe as the most
recent executable. Developers are constantly upgrading the SMS and GenCade executables, so the
graphics in a future version may look slightly different than the visuals included in this user guide.

A very simple example can be found here. This example shows all steps necessary to produce results and
includes a zip file with all of the input and output files that can be used to reproduce the results on another
computer.

1.1 Setup GenCade in the SMS

GenCade is available in the SMS (Surface-water Modeling System) interface. To use GenCade, a working
version of SMS 10.1 and executable for SMS 11.0 Development are necessary. The SMS 11.0 Development
executable is copyrighted, so a registration code is necessary before using.

First, locate the GenCade executable on the machine. As of November 2010, the most recent GenCade
executable is GenCade_v1_070.exe. Drop the executable into the models folder under SMS 10.1 as shown
in Figure 1.
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Questions? Mitch Brown

Mitchell.E.Brown@usace.army.mil

601-634-4036

Honghai Li
Honghai.Li@usace.army.mil
601-634-2840

Lihwa Lin
Lihwa.Lin@usace.army.mil
601-634-2704
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