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Examples of Aeclian Transport

Pathways in Managed
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Tools for Simulating Aeolian

Sediment Transport Near Inlets
Inlet Engineering Toolbox

Primary Work Unit Goal: Development of process-

based numerical modeling tools for simulating aeolian
transport and dune evolution in managed coastal
environments

Modeling Aeolian Transportand
Coastal Management
Alternatives Near Inlets

Aeolis + sand fence model
(open source vegetation planting

model)

= &

High

Short (hours to days)
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Tool Level of Maturity

Time Scale of Interest

Co-Evolution of Coastal
Morphology from Wind
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Long (months to years)

US Army Corps of Engineers e

Engineer Research and Development Center e
UNCLASSIFIED

Coastal and Hydraulics Laboratory



Dune Response Tool

Graphical User Interface
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Example Model Outputs

E Dune Response Tool

Dune

Response
Tool

Save
Output

— O X
Model Atributes | Advanced
Location
Latitude 36.18 Choose
Location
Longitude -75.75 on Map
Morphology
Dune Crest Elev. (m) 6
Dune Toe Elev. (m) 3 Update
Morphology
Dune Slope (m/m) 0.2 Based on
Lat/Lon
Beach Slope (m/m) Location
Shore Normal (deg.) | 70.0

Timing
(®) Hindcast (1980 - 2017)

(") Forecast (now)
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TOOL DEVELOPMENT Step 1. Type in location coordinates

manually or choose on map

4\| Dune Response Tool — O X

Model Attributes ’Advanced ‘

(®) Hindcast (1980 - 2017) () Forecast (now)

Location
Latitude | 36.18 Choose (X,Y) = (51.4405, -130.1742)
Dune ) ocation
Longitude -75.75 ]
Response _onMap il ©  Morphology Data Available
Tool Morphology 50°N S it '
Dune Crest Elev. (m) 6 |
Dune Toe Elev. (m) 3 Update
Morphology
Dune Slope (m/m) 0.2 Based on
Lat/Lon
Beach Slope (m/m) Location
40°N
Shore Normal (deg.) 70.0 &
— 2
Timing =
=i

Start Date 25-0ct-2012 | v ] 30°N

Save Duration (days) 7 |

Output

20°N

Earthstar Geographics

120°W 110°W 100°W 90°W 80°W 70°W
Longitude
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TOOL DEVELOPMENT

D R T Grap h i cal Hindcast Mode
User Interface Waves: WIS
Winds: WIS

Latitude
Longitude

Tides + SLA: NOAA Measured Tides
Site Selection

Latitude
Longitude

Morphology Selection

East Coast US:
Doran et al., 2020

Timing
Shoreline Angle

Forecast Mode
Waves: NOAA WW3
Winds: GFS
Tides: NOAA Predicted Tides
SLA: ESTOFS

Gulf Coast US:
Doran et al., 2020

Pacific Northwest US:
Mull and Ruggiero, 2016

User Defined

Model Attributes

Model
Visualization

** Redundancy built in to pull different data
servers in case of server outages
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TOOL DEVELOPMENT

D R T Gr ap h i Cal Hindcast Mode
User Interface Waves: WIS
Winds: WIS

Latitude
Longitude

Tides + SLA: NOAA Measured Tides
Site Selection

Timing

Shoreline Angle Forecast Mode
Latityde Waves: NOAA WW3
Longitude Winds: GFS
Tides: NOAA Predicted Tides

Morphology Selection SLA: ESTOFS

East Coast US:
Doran et al., 2020

Gulf Coast US:
Doran et al., 2020

Beach Slope

D Toe Elev.
Pacific Northwest US: ure; DE Ele.

Mull and Ruggfem, 2016 Dune Crest Elev.

Dune Slope
User Defined P

Model Attributes

Model
Visualization
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TOOL DEVELOPMENT

DRT Graphical
User Interface

Site Selection

]

Morphology Selection
East Coast US:
Doran et al., 2020

Gulf Coast US:
Doran et al., 2020

Pacific Northwest US:
Muli and Ruggiero, 2016

Latitude
Longitude

User Defined

Model Attributes

Model
Visualization

Dune Toe Elev.

Latitude
Longitude

Timing

Shoreline Angle

Beach Slope

Dune Crest Elew.

Dune Slope

Winds: GFS

Hindcast Mode
Waves: WIS
Winds: WIS

Tides + SLA: NOAA Measured Tides

Forecast Mode
Waves: NOAA WW3

Tides: NOAA Predicted Tides
SLA: ESTOFS

Beach Profile
Waves/Tides

Model Attributes

Modified version
of Palmsten and
Holman, 2012
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TOOL DEVELOPMENT
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DRT Graphical
User Interface

Latitude

= o Longitude
Site Selection

Latitude
Longitude

Morphology Selection

Timing
Shoreline Angle

Hindcast Mode
Waves: WIS
Winds: WIS

Tides + SLA: NOAA Measured Tides

Forecast Mode
Waves: NOAA WW3
Winds: GFS
Tides: NOAA Predicted Tides
SLA: ESTOFS

East Coast US:
Doran et al., 2020
Gulf Coast US:
Doran et al., 2020 Beach Slope
Pacific Northwest US: —

Mull and Ruggfem, 2016 Dune Crest Elev.

Dune Slope

User Defined

Model Attributes

Beach Profile
Waves/Tides

Model Attributes

Beach Profile
Winds

Model
Visualization

** Simplistic aeolian model input for deployabilility

Modified version
of Palmsten and
Holman, 2012

Total Water Level | |

W
v

Model Attributes i

reasons, more complex model could be added
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TOOL DEVELOPMENT

D R T Gr ap h i cal Hindcast Mode
User Interface Waves: WIS
Winds: WIS

Latitude
Longitude

Tides + SLA: NOAA Measured Tides
Site Selection

Timing

Shoreline Angle Forecast Mode
Latityde Waves: NOAA WW3
Longitude Winds: GFS
Tides: NOAA Predicted Tides

Morphology Selection SLA: ESTOFS

DEaSt g?aft%s?:“ Modified version
oran et al.,
ooasn el of Palmsten and
Gulf Coast US:

Doran et al., 2020

Beach Slope Model Attributes

Dune Toe Elev.

Holman, 2012

Pacific Northwest US:

Mull and Ruggiero, 2016 Total Water LeveI.

Dune Crest Elew.

D Sl
User Defined uneg:S0pe
Beach Profile
. Winds
Model Attributes
Model Attributes
Model I
Visualization Wodel Outputs
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Dune Response Tool

Model Attributes ’Advanced ‘+

Location

Choose Location

Latitude 36.18 ‘ Click to Manually

Dune Lonai
ongitude -75.75 on Map
S 7575
Tool Morphology
Dune Crest Elev. (m) Izl Click to Update
Morphology
Dune Toe Elev. (m) Based on
Lat/Lon
“ Dune Slope (m/m) 0.2 from Local
: Database

Beach Slope (m/m) - ;
Click to Update with

Shore Normal (deg.) - Online JALBTCX
| Data (if available)

Timing
(®)Hindcast (1980 - 2017) () Forecast (now)

Start Date | 25-Oct-2012 | v |

Save
Output Duration (days) | 7 |

UNCLASSIFIED

arcgis.usacegis.com

ArcGIS REST Services Directory

Home > services > JALBTCX > JALBTCX Geomorphic Features (FeatureServer)

JSON | SOAP
JALBTCX/JALBTCX_Geomorphic_Features (FeatureServer)
View In: ArcGIS Online Map Viewer

View Footprint In: ArcGIS Online Map Viewer

Service Description:

All Layers and Tables

Has Versioned Data: true
MaxRecordCount: 10000
Supported Query Formats: JSON
Supports Query Data Elements:
Layers:

Bluff Points (1)

Bluff Lines (2)

Dune Points 2016 (4)
Dune Points 2009 (5)
Dune Lines 2016 (6)
Dune Lines 2009 (7)
Dune Transects (8)
Zero Contour (10)
MHW Contour (11)

Tables:
e GIS.COE GEO NCMP.Surveylob ProductInfo (12)

Description:
Copyright Text:

Spatial Reference: 4326 (4326) VCSWkid(5703) LatestVCSWkid(5703)
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Dune Response Tool

& erdc / dune-response-tool £\ Notifications

<> Code ) Issues Pull requests Actions | Projects Wiki

« GUI and backend codes are all
¥ master + ¥ 1branch ©1tag Gotofile | Code ~ pUinCIy available on GitHub:

. ncohn updated Windows install goeffca onJul17 & 36 commits

idea e A https://github.com/erdc/dune-response-tool

dependencies update 7 months ago

installation updated Windows install last month

paper updated metadata 2 months ago ° Installa tion Op tions:
.DS_Store updated Windows install last month «  Windows Executable
LICENSE Create LICENSE 8 months ago

N ot o months ago * MacOS Executable
drt_accretion.m code reorganization 9 months ago o M atl a b M I a p p

drt_env.m update storm surge database 2 months ago
drt_erosion.m code reorganization 9 months ago
drt_grid.m reduce default smoothing last month
drt_gui.mlapp addpath update last month
drt_plotting.m code reorganization 9 months ago

drt_plotting_ensemble.m  code reorganization 9 months ago
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Operational Simulations of Dune Impacts Using DRT: Hurricane Henri
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Observed Morph + Forecasted Conditions: 12 hours before landfall

Wave Runup Using Stockdon et al. (2006) s
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Operational Simulations of Dune Impacts Using DRT: Hurricane Henri

Observed Morph + Forecasted Conditions: 12 hours before landfall

Total Water Level = Tides + Storm Surge + R2%

T
L
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®
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®
N
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41°N | oo 2 -
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" Y
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Max TWL (m, NAVD)

0.5
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Operational Simulations of Dune Impacts Using DRT: Hurricane Henri

Observed Morph + Forecasted Conditions: 12 hours before landfall
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Predicted Dune Erosion Based on Local Morphology + TWLs
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Operational Simulations of Dune Impacts Using DRT: Hurricane Henri

» Lots of pictures of waves
breaking and heavy surf,
minimal reports of beach and
dune erosion

fe “\ Wi

bl

Source: Westerly Sun
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Operational Simulations of Dune Impacts Using DRT: Hurricane Henri

Observed Morph + Forecasted Conditions: 12 hours before landfall
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Model Exploration: Benefits of a Very Fast Model

(1) What if don’t have good morphology data?
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Original Case: USGS-derived
beach + dune morphometrics

Exploratory Case: Average
regional morphology, still using local
environmental forcings

*Note once environmental data is
downloaded, simulations take ~1
second each
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Model Exploration: Benefits of a Very Fast Model

(1) What if don’t have good morphology data?
(2) What if don’t have good environmental data?

T 3
42°N - ‘.
L
Py ) 25
e’ ni
- 8 eme 2 ‘g
] ... 3 - - .
2 ol 4 .5 2 Original Case: USGS-derived
. / beach + dune morphometrics
. "y and WW3/ESTOFS forcing
(=]
’ 0.5
50 km &
40°N {20 mid} i i | o venE, Gamin,UsGp, EPA 5
74°W 73°W 72°W 71°W 70°W
Longitude
T 3
42°N “.
« 3} 1> _ Exploratory Case: Same as above
£ .
_ka | R with 0.5 m SWL added
g ’ T ;
S o . .
gorn ‘o e *Note once environmental data is
—~ , i downloaded, simulations take ~1
'W~’ 2
’ 3 second each
0.5
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Model Exploration: Benefits of a Very Fast Model

(1) What if don’t have good morphology data?
(2) What if don’t have good environmental data?
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Dune Response Tool

FY21 Goal: Explore porting of DRT to cloud

Step 1: : Step 3:
Deploy Inz’::IFI;'I?e.st AWS/Azure: Build
Matlab SEET Gacke Capapllltle§ for secure,
Webapp on Azure, public facing website
Server on AWS, and
local server ERDC CCE O
to test :
configuration Environment CCE: Build CAC enabled

capabilities for access

V4 V4 O

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

21



UNCLASSIFIED

CMS-Aeolis Coupling

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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CMS-Aeolis Coupling
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CMS-Aeolis Coupling

Traditional CMS Workflow —

Aeolian Transport Not Considered

FY21 New Model
Development

Flow Wave
a

N
Al
i

AN
o

LR )

Goal:
Add in capability to directly couple
Aeolis with CMS for 2D applications

TN
LR L e

MO S Y

o e N S R
o T T N N T T N N N W ]
LR HOSEERRER R

s e

"

Sediment Transport Bed change
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CMS-Aeolis Coupling

Traditional CMS Workflow — Approach:
Aeolian Transport Not Considered « cms_flow.f90 (modification) —
modify main code to call aeolian

Flow Waves steering file and handle
. R 2227 topographic updates
'E . QJHJ
-

aeolian.f90 (new) — interface
between CMS and Aeolis which
includes system call to aeolian.py
which generates all Aeolis input
files, runs Aeolis, and returns data
for incorporation to CMS

AN

SARREERANAAARAAAS
EARARARANRRANANNS
B e S S

M
ANVTEIERAAAM AN
[ J

; if:_ "
\
b

b
AR

e ;, : : ...(' 'i_‘,

LY ﬂwﬁ
Sediment Transport Bed change « scenario.cmcards (modification)
— new options for coupling interval

and subaerial grain size

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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CMS-Aeolis Coupling

2500

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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CMS-Aeolis

Coupling

Original CMS

UNCLASSIFIED

CMS + Aeolis

Deposition in
Vegetated Dune

ym]
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1400
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800 S 800 /
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Deflation On Beach
600 o0 Near |
Water Line

400 400

Example 2D case for

Benson Beach, WA — |
=0 10 m/s onshore wind 0

for 5 days |
\ -
800 1000 1200 1400 1600 1800 2000 2200 800 1000 1200 1400 1600 1800 2000 2200

US Army Corps of Engineers e
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Average Daily Growth of Dunes
for Different Wind Conditions
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CMS-Aeolis Coupling

Colors represent
different cross-shore
transects

Lots of variability in
trends based on local
beach and dune
morphology and
vegetation properties

w—d -
o N
L}

oo}

Local Dune Growth (m3/m/day)
)]

10 15
Wind Speed (m/s)
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CMS-Aeolis Coupling

For most time periods,
wave driven processes
are larger contributor to
morphology change
than wind-driven
processes

%1073
1

0.5

A Z(m)

2500
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CMS-Aeolis Coupling
Next Steps for Coupling:

« Linkages from CMS - Aeolis
« Hard Structures
 Variable Grain Size

* Other Fixes Needed:
 Remove any hardcoding from testing
« Expose vegetation/wind/aeolian variables
In aeolian cards

« Testing:
* More complex geometries/sites

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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Questions/Comments?

Contact:
Nick Cohn
nicholas.t.conn@erdc.dren.mil

US Army Corps of Engineers e Engineer Research and Development Center e Coastal and Hydraulics Laboratory
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