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Study Site

Harbor/port complex and coastal structure bl Lake Michigan

= 180

interrupt natural littoral movement of sand g

Sand accretion/erosion pattern around the
complex leaves Ogden Dunes little to no
beach along the shoreline

To protect the natural habitat and shoreline
residences, USACE has placed dredged
sand in the nearshore area as beach
nourishment effort since 2006

RSM study (field/numerical modeling) was
launched to examine the sediment
transport of nearshore placed material
under various hydrodynamic and wave
conditions

CSHORE and LUND-CIRP routines in
CMS were applied to calculate wave
induced cross-shore transport and
changes in beach profile
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Data f N

Waves and Hydrodynamics

NOAA WL Gage (Calumet Harbor)
NOAA Buoy (#45007)

Waves spectrum
Wind

Nearshore ADCP gage (BHSHOO01)

Multibeam echosounder (MBES)
Bathymetric and beach
topographic surveys
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Model Setup

2 CMS-Flow
Model domain

15x10km /11 x 7 km

No of cells
~ 80,000 /67,000

Cell size
10 ~300 m/10 ~180 m
Water depth (LWD):
-2~20m
Open lake boundary CMS-Wave
Simulation Periods
~ Oct 10 — Nov 20, 2016




CSHORE Calculation
(Johnson et al. 2012)

* Suspended sediment volume
egpD, + e Dy
pg(s — 1wy
* Cross-shore suspended sediment transport rate

Asx = axUVs

ay = [a+ (Spy/tany)®”]
* Bed load sediment transport rate

5 bP, 3
Qb= mJT

Vs = F

(1 +be)05(1 o Sby)os

D, = energy dissipation rate due to wave breaking
energy dissipation rate due to bottom friction

RS
|

eg = suspension efficiency for D,

er = suspension efficiency for D

a = empirical suspended load parameter
h =

empirical bed load parameter

®
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Sediment transport
rates and
morphology
changes

— Oct10- Nov 15,
2016

Model Results
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Cross-shore Sediment Transport

CS Trans (kg/(m.s))

CS Trans (kg/(m.s)}
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport

LUND-CIRP (NSZ)
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport
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CS Trans (kg/(m.s))

LUND-CIRP (NSZ)
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Large suspension coefficients
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CS Trans (kg/(m.s))

CS Trans (kg/{m.s))

Large suspension coefficients
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport

Large suspension coefficients
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CS Trans (kg/(m.s))

CS Trans (kg/{m.s))

Large suspension coefficients

Cross-shore Sediment Transport
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CS Trans (kg/(m.s))

Large suspension coefficients
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Cross-shore Sediment Transport

CS Trans (kg/(m.s))

CS Trans (kg/(m.s))
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport

Smaller suspension coefficients
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CS Trans (kg/(m.s))

CS Trans (kg/(m.s))

Cross-shore Sediment Transport
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Cross-shore Sediment Transport

CS Trans (kg/(m.s))

Smaller suspension coefficients
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Profile Changes

Jeeenrch & Devasopmani
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Depth (m)

Depth (m)

Transects 06-09

Profile Changes

Jeeenrch & Devasopmani
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Depth (m)

Profile Changes
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Depth (m)

Transects 14-17

Profile Changes
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Transects 18-19

Profile Changes
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Goodness of Fit Statistics
(measured and calculated bed elevations)

. RMSE T . RMSE RRMSE
Transect | Scenario RRMSE (%) Rz | "¥N%€¢ | scenario R?
(m) t (m) (%)
0.98
NSZ 0.147 1.99 0.995 NSZ 0.199 2.69 9
2 11 0.99
CSHORE 0.124 1.68 0.995 CSHORE 0177 2.39 '2
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10 ' ' ' 19 ' ' 0599 .DING STRONG,
CSHORE 0.104 1.40 0.998 CSHORE 0.114 1.54 .8




Summary

® Average nearshore sediment transport has a predominant longshore
direction from east to west.

® Waves in surf zone induce consistent onshore sediment movement,
which primarily corresponds to bed load transport direction.

® Surf zone processes and wave induced cross-shore sediment
transport improve model performance in simulating beach profile
changes.

® LUND-CIRP + Surf Zone Processes

®

BUILDING STRONG



Thank You!
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