ncy_. /13

Texas Coastal Res as
Sediment Budget v fih

s '{;m -ﬂi""ﬁ

i flﬁ r .ﬂ‘ ’J“l'“ 28y _1 . ‘.'...,- .,::m:l .F';_.""."- F ’
x .|, *h- . -th' J.:?!'-. R 1T .
‘ H’! "1' % ﬂr’.. A R ,,:‘. -
- F I '. Fu'h X ]

[
oy b,

h ._.""i o 3 A
i I W -L{_'-.r-'1
- ¥ .

- L8

Michiel Knaapen
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Texas Coastal
Resiliency Master
Plan
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https://coastal.beg.utexas.edu/shorelinechange2019/

Texas Gulf Shoreline Movement and Beach-Foredune Elevations and Volumes to 2019
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Texas Coastal
Resiliency Master

Plan * The Federal Emergency Management Agency (FEMA) says
that for every dollar we spend on erosion mitigation, we
save four dollars in the future.

«  WHEN THE TEXAS COAST ERODES:

— Coastal properties lose value and buildings are lost

On average, the Texas coast erodes 4.1 feet per year.

Some areas lose more than 30 feet per year.

— Tourism declines and local economies suffer
- Farming and fishing industries risk revenue loss

— Ports, roads, and key infrastructure are at risk

- Key storm surge buffers become weakened NN
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Soft solutions
for
coastal
management
* Increasing number of nourishments

 Nourishment disappearing
e Need more sources for sediment
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Coastal processes 101
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Existing knowledge

Based on littoral drift due
to waves from sector E-S,
ignoring currents

Literature based on McGowen et al (1977)
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The model: TELEMAC-
TOMAWAC-SISYPHE
http://www.opentelemac.org/
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' * Provide detailed sediment pathways

* Explain observations unexpected
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e |dentify sediment sinks and sources
as potential borrow sites
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Mesh
Model set-up sand 500,000 nodes:
transport « 10m at breaker line;
modelllng - 5km on offshore boundary;

W“ ) ; i Aransq%

« barrier islands in bathymetry
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Model set-up sand
transport
modelling

0 Y Aransa:
& 2
O Rt e = ;
¥ @ A T

Forcing conditions from global models

« Currents: HYCOM
« Waves: Spectral from ERA5 Hindcast
« Atmospheric: ECMWEF Forecasting

hrwallingford
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Model set-up sand
transport

modelling

Simulated every month of 2018

 Most representative’forlast decade

« 2ndRepresentative forlast 30 years
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Regional wave / flow model




Validation




Calibration/Validation -
data

Waves: 2 points (red)
Currents: 5 points (green)
Levels: 4 points (pink)
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Validation results
nearshore waves

measured model

85 90 95

Days since start of the experiment

e Direction
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Validation results
nearshore
currents
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Error statistics [ Variable [ Location | | RMSE

validation

Water level (m)  Aransas Pass
Bob Hall Pier
South Padre Island

Port Isabel

Velocity (m/s) Tabs Buoy D

Tabs Buoy J

South Padre Island
September*
South Padre Island
November*

Wave height (m) NDBC 42045

South Padre Island
November*

*Engel et al (2019)
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Sediment verification
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Channel
sedimentation

: Mansfield Pass
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Quantification
evolution 3 months

Measured infill Model infill

Channel

Brazos Santiago jetties
Brazos Santiago outer

Mansfield jetties

*includes correction of reference level
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Quantification
long-term infill

. X ;
/dredging volumes m3/y méfy
Brazos Santiago jetties 115,000 147,000

Brazos Santiago outer 154,000 124,000
Mansfield jetties 27,000

Mansfield outer 2,000

Measured infill Model infill

Channel
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+« DB Sampling Locations
e SB Sampling Locations
= SB Additional Sampling Locations

Tracer stu dy Tracer Release Area

Figlus et al (2021) St
I Nearshore Berm BU Site 1A &1B

Nearshore Berm BU Site 2A & 2B
O ADCP
¢ NOAA CO-OPS #8779749

Gulf of Mexico
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Sediment tracers
Figlus et al (2021)
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Resulting sediment

pathways
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Yearly residual
sand transport
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Area modelling
changes the
conventional
knowledge on
littoral drift in
Texas

Conclusion:

Even thought the current velocities in the Gulf of

Mexico are low, they cannot be neglected in
nearshore sediment transport calculations
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Open access GIS
iIn development

Longshore Sediment Transport

Texas Coastal Resiliency Master Plan Regions 1 and 4

This is a draft-stage dashboard NOT
meant for public use. Data developed

Region 1 Depth of Closure

for this product is the output of a model!
and is not meant to replace the work of

a surveyor or engineer.
Region 1 Nearshore Wave
Hindecast Locations

‘ Q, Search...

(]

McFaddin National
Wildlife Refuge

High Island

Inlet Sediment Fluxes

Approx. Sediment
Transport Direction

Region 1 Annual Transport
Curves

Region 4 Depth of Closure

Rollover East

///\

Rollover West

Bolivar

-

Galveston North

Galveston East Beach

Galveston Seawall

Galveston Seawall

Sabine

Earthstar Geographics | HR Wallingford | Texas Parks & Wildlite, CONANP, Esri, TomTom, Garmin, Foursquare, SafeGraph, GeoTechnologies, Inc, METI/NASA, USGS, EPA, N... Powered by Esri
Region 4 Nearshore Wave

Hindcast Locations

R

®©

Region 4 Annual Transport
Curves

hrwallingford
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Static layers

For each cell:

« Sediment characteristics
a. dmean
b. % of sand
and

c. % of the 5 fractions used in the
modeling

Dmean in mm (Sea side)

SPI-01-02

SPI1-01-01

Padrelsland-08-03
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Annual littoral drift
Gross
Nett
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Region 3 Sediment Budget
Sediment budget for the sand

component with net longshore
fluxes (6 of 7)

Cells
|| Open Coast Cells A

Open Coast Cells B
[ cells Inlets Bay-Side
[] cells Inlets Sea-Side

Fluxes

Cross-shore fluxes (cy/yr)

' Fluxes A (cy/yr)

Fluxes B (cy/yr)

PortAransas

GEODETIC INFORMATION
Coordinate System: NAD83(2011) / Texas South (RUS)

Projection: Lambert Conformal Conic
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Beach nourishment
Galveston

‘\

BOMILES

| _ [ TR
UNITED STATES L A s 7
_.l-'fu

MEXICO ® SRS h llingford
rwallingrort
FREESE . g
‘NICHOLS




46

Beach nourishment
Galveston

BOMILES

UNITED STATES
RO | GrRANDE

MEXICO ® o LOCATION MAP

Sediment was expected to slowly move east

After first storm nourished material‘had
disappeared
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Beach
nourishment
Galveston

Sediment was expected to slowly move
east

After first storm nourished material had
disappeared
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Beach nourishment
Galveston

o "y Galveston Island West 1 B

Galveston Island West 2 B

Galveston Seawall 1 B

Galveston Seawall 2 B

Galveston NFilletB | egend

Cells

D ok A Fluxes B (cy yr)

Open coast cob B
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ZHR Wall\'ngford

SCALE: 1:250,000
PAPER SIZE: 238 x 130 mm

Coordinate System: NAD83
UTM zone 15N

Projection:
Transverse Mercator

Datum:
MLLW

HR Wallingford,

3100 Timmons Lane, Suite 435, Houston TX, 77027, USA
tel +1 713 553 5371

info@hr ing .com  www.hr i .com

© 2021 Produced by HR Wallagford .
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Monthly residual
sand transport
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Area modelling
changes the
conventional
knowledge on
littoral drift in
Texas

Implications:

Placement of nourishment:
Sediment was expected to slowly move east

In first storm nourished material had disappeared

Location of Nourishment:

Distance offshore might affect direction of

movement

Breakwaters/groynes:

The length of the groyne might influence not only
the magnitude but also the direction of sediment

bypassing

FREESE
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Dredge material
placement sites

+ DB Sampling Locations
e SB Sampling Locations
= SB Additional Sampling Locations
Tracer Release Area
ODMDS
__INearshore Berm BU Site 1A &1B
Nearshore Berm BU Site 2A & 2B
O ADCP
* NOAA CO-OPS #8779749

Gulf of Mexico
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Area modelling
changes the
conventional
knowledge on
littoral drift in
Texas

Implications:

Placement of dredged material:
Placement sites north of the entrance channel

Sediment could rapidly return to channel

Location of Nourishment:

Distance offshore might affect direction of

movement

Breakwaters/groynes:

The length of the groyne might influence not only
the magnitude but also the direction of sediment

bypassing

FREESE
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* Model setting:
« Waves: TOMAWAC

Model set-up . Model settings as close to default

sand transport as possible, exceptions:

« Wind generation of waves: Yan
mOde”mg (Texas)/Janssen(elsewhere)

« Windefficiency correction for
storm waves

(Following Knaapen'TUCI2019)

hrwallingford
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* Model setting:

e Currents: TELEMAC 2D

D - Model settings as close to default
as possible, exceptions:

port Numerical stability settings
« Smagorinski turbulence model

« Friction:Nikuradse, spatially
varying :

hrwallingford

50000 100000 150000



* Model setting:

« Sediment: SISYPHE

up - Model settings as close to default
as possible, exceptions:

port Bedload sediment transport:
Soulsby-vanRijn

« Suspended sediment transport:
Soulsby-~van Rijn
A

« . ® S e t-t | i N g | | g hrwallingford

0 50000 100000 150000
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