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Tools for Simulating Aeolian
Sediment Transport Near

Inlets
Inlet Engineering Toolbox

Examples of Aeolian Transport
Pathways in Managed

Ribabab e T T il CNSAHOE AT

Primary Work Unit Goal: Development of
process-based numerical modeling tools
for simulating aeolian transport and dune

evolution in managed coastal
environments

Dune Response Modeling Aeolian Transport and Co-Evolution of Coastal
Tool Coastal Management Morphology from Wind
Alternatives Near Inlets and Waves

Aeolis sand fence model
_ (open source getation planting / \
{ model)
J CMS/C2Shore Aeolis
- '
High Tool Level of Maturity Low
- Short (hours to days) Time Scale of Interest Long (months to years)
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Outline for Today A

- Model Overview
- New Aeolis Capabilities that have been Added this FY
- Example Cases for USACE Applications

- Ongoing Developments and Next Steps
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Model Processes

Factors that Effect
Threshold Velocity:
. * Grain Size
wind * Moisture
(U) » Precipitation
«  Wave Runup
» «  Groundwater
*  Humidity
* Bedslope Effects
u < uy, - no transport - Salt Crusting

U 2 uy, -transport

A\ J
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Model Processes

Advection Equation

wind
(u)

»

X

[
»
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H

Nearshore Beach Dune

US Army Corps of Engineers o Engineer Research and Development Center o —— (QHIL &
UNCLASSIFIED



UNCLASSIFIED

Nearshore Beach Dune

Most important factors to extend domain: wind dynamics, vegetation
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Model Processes

Site Aeolis Model
Conditions
Morphology
Grain Size ezl Wind Solver
Wind
Waves Wind-Vegetation
Tides Interaction
Aeolian Transport
Alternative Sediment Sorting
Scenarios and Bed Armoring

Sand Fences
Grass Planting —
Morphology Modification
Grain Size Effects
Climate Changes

Bed Elevation Change

Sediment-Vegetation
Interaction

US Army Corps of Engineers e Engineer Research and Development Center o _——~ QCHL
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New ERDC Model Additions

Site Aeolis Model
Conditions
Morpholo _
GraFi)n Sizgey Wind Solver g 1D version of Weng/Kroy
Wind /7%, solver added
Waves Wind-Vegetation & ' Non-grid based vegetation
Tides Interaction /7%, shear coupler added
Aeolian Transport
Updated 2D =
fence solver with Alternative Sediment Sorting
rotating grid A Scenarios and Bed Armoring
r -fr =N Fencgs —) Bed Elevation Change
Windreduction = Grass Planting 2
solver changed Morphology Modification Sediment-Vegetation
to OKin Grain Size Effects Interaction
Climate Changes
All processes now
working in both 1D
A All modules and 2D modes
< »» Updatedto be . .
PR python3 Dune Erosion Module https://github.com/
compatible erdc/aeolis-python

COASTAL &
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New Capabilities Added

* Wind Flow Dynamics

Wind speed over

But CFD is too computationally
different sloped

demanding for most aeolian
topographies transport applications....
using a CFD
Model
S Minimal Model for Sand Dunes

w0 = af [ ae™C e 4 g

This solution coded up in python for 1D cases;
provides a faster answer and fewer computational

instabilities over previous FFT solver of Weng et
al. (1991)

from Hesp and
Smyth, 2019

Solution approximates flow over low sloping
dunes. Not a perfect solution for complex cases

0.0 0.1 0.2 0.3 0.4 05 06 0.7 0.8 0.9 1.0 11
Wind speed relative to inlet at 10 m
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New Capabilities Added

7 —
= New 1D |
Shear
Solver
é 1I0 1I5 2.0 25 3I0 3I5 40 45 50
X (m)
05
04
Uniform Winds @
) E o3
Wind Solver Added 5
0.2 V\,
L —
5 10 15 20 25 30 35 40 45 50
X (m)
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New Capabilities Added

= New Vegetation Shear Coupler Added

US Army Corps of Engineers e Engineer Research and Development Center e %CHLMM
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New Capabilities Added

= New Vegetation Shear Coupler Added

New Okin Method now Implemented in Aeolis

3.25 i

e Starting Profile
— Ending Profile
== = \fog Locs

3.2

3.05

- 1 | 1 1 |
0 5 10 15 20 25
X(m)

* note: further testing needed for suitable values
for Okin for typical dune grasses
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New Capabilities Added

* New Vegetation Shear Coupler Added

100 | (] ] a o i )
| ’ ' Example of
- I predicted
-§.\.- 80 o l .
= . ' sediment
& or I trapping for
= o , different
£ 8o ' vegetation
S a0 densities on a
S 0| | flat bed
3 20| between Okin
n
| I = and Raupach
® raupach
oe ' ' ' ' '
0 20 40 60 80 100
Percent of Surface Vegetated (%)
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New Capabilities Added

= New Vegetation Shear Coupler Added

Example of
predicted
sediment

trapping for
different

vegetation
densities on a
flat bed
between Okin
and Raupach
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New Capabilities Added

Sand Fence Trapping
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New Capabilities Added

. . * Artifacts were showing up when solved geometri
2D Fence Grid Rotation for oblique winds

» Difficulties solving for interactions of shear field from
multiple nearby fences

o
c

E
L,
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New Capabilities Added

* Atemporary
computational grid
is now set up that
is oriented with
the wind field

» Solutionis
interpolated back
to the original
model grid

» Straightforward to
simultaneously
account for
multiple fences

L T T T T '
i
m..,,,l.:';...,.,i
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New Capabilities Added

Pannytvana M
em——

Ot 29, 18 UTC
B0 hPa, 80kt

Dot 29, 00 UTC
P50 hPa, 65 bt

[—

e ] Oct 28, 00 UTC
£ 0 hPa. 65 Kt

Observed:
Major dune erosion, overwashing

Predicted:
Major dune erosion
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New Capabilities Added

= Dune Erosion Solver

Dune Response Tool (DRT)
Rapid prototyping tool for storm-
driven dune erosion and
volumetric dune accretion

T T e, ion Only '
| s Dune Profile Change (Erosion Only) i - A e OI ’ S
, //r_[ Palmsten and

o Holman (2012)
l},: i : | | | S:.!bstantial Dt:ne erosion plredicted | d u n e e rOS i O n
“ 2 0 C:‘;S-Shore ginstance {m‘]15 e * ’ m Od el
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New Capabilities Added

= Dune Erosion Solver

I Ll I I Ll
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How can USACE use these
models?

US Army Corps of Engineers e Engineer Research and Development Center e //ﬁgCHL
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Example One Dimensional Aeolis Cases

Aeolian Fluxes
18 Sep 1997 _ to Dune:

9 il [ )
Oysterville, WA
8
)

7 =
3 m 350
a
22 il
zZ
£ 5 -
c £
o -~ i
> g
£ 3 150
L 3 Z

100 |
2
50 -
it LedLocy
: L . : : — ?996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018
350 300 250 200 150 100 50 0

Cross-Shore Distance (m)
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Example One Dimensional Aeolis Cases
Aeolian Fluxes to Dune: Florida

Some potential ways
to use the model:

27°30'N |

* Understand spatial
variability in dune
fluxes

27°N

£ 26°30N * Insights into whether
EwN or structural
solutions more

effective

Latitude

25°30'N » Inform where placed
sediment is more
likely to cause

W eW  B130W  BW  80WW  ao'W nuisance problems

Longitude

US Army Corps of Engineers e Engineer Research and Development Center o _——~ QCHL
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Example One Dimensional Aeolis Cases
Exploration of Grain Size Distribution Effects

m‘nu’n ’|n||u||"|||f|||!‘||||\11| n|||1||1|||||| I

fine sand

fine sand R
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Example One Dimensional Aeolis Cases
Exploration of Grain Size

80 161
® @ No Shells
70 14k 2 O Shells
60 1.2 _l'£ ¢
X 50 = 41 °
= ©
z 3
ﬁ 40 o;'E“‘ 08}t
E E o
a 30 oc 06}
20 0.4F
10} 0.2
OO0 0 O 0 0
0 1 0 ‘,'“], s om . . 1 1 1 J
01 015 02 025 03 035 04 045 05 0 0.1 0.2 0.3 0.4 0.5
Grain Size (mm) o
GSD
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Example One Dimensional Aeolis Cases

Exploration
of Grain
Size
0 i 5 10 1.5 2I0 2I5 3.0 35 40 45 50
X (m)
1 T
£
N D
<
i 0 5 1 .IJ 1 :5 2I0 2:5 S:IJ 3-5 40 45 50
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100
S
8 8o
£
3
. ® 60
Medium Sand 5
g 2
Fine Sand E 2
3
00 5 10 15 20 25 30 35 40 45 50
X (m)
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Example Two Dimensional Cases

Dune Management
Strategies: Walkover
Optimization

150

100

Cross-Shore
Distance (m)

100

Alongshore Distance (m)
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Next Up

Other Potential Applications
*  Quantifying Sediment Fluxes and Pathways
« Transport Into Harbors and Inlets

» Coastal Management Alternatives
* Dune Design

Aeolis Code Updates
« Fixing remaining 2D - 1D bugs for wind module
« Separation bubble
« Bug fixing
» Validation for 1D and 2D

Documentation
« Github
« Example cases on the web
* Tech Note - 1D cases (about to submit)
« Sand Fence Paper

Additional Developments
* Aeolis SMS GUI Integration (w/ Mitch Brown)
* Aeolis + C2Shore/CMS Coupling via Steering Files (w/ Brad J)

US Army Corps of Engineers e Engineer Research and Development Center o _——~ QCHL
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Questions/Comments?

Up to Date ERDC version of code:
https://github.com/erdc/aeolis-python

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