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Coastal Texas Study & Coastal Resiliency

Innovative strategies to design, develop, and grow
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The Problems
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Shoreline Change Rates, 1950 - 2012

L an d L O S S Shoreline Change Rates
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1900 Hurricane

* Hurricane winds

« Storm surge ~ 15ft (4.6 m)

« Damages $25 m

* 6,000 to 12,000 deaths

* 1,500 ac (607 ha) flattened

« 2,600 houses destroyed

« 300 ft (90 m) of beach erosion

» Science at the time...
broad flat continental shelf

reduces surge

+ Dead wrong...

allows for increased surge!

DCCM 5
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1900 Hurricane

LOCAL RESPONSE:

« About one year post storm City & County Commission’s
of Galveston appointed a board of engineers to report on
means for protecting the city.

CHARGE:

« Safest and most efficient way for protecting the city
against overflows

« Elevating, filling, and grading the avenue, streets, alleys,
and lots... to secure sufficient drainage and sewerage

* A breakwater of seawall of sufficient strength and height
to prevent overflow
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ENGINEERS REPORT:
« January 25, 1902
2

« Solid concrete gravity wall 3 miles long "™
jetty to 39th St. 17 ft above MLLW

« Raising of the city’s grade to 8 ft (2.4 m)
at bay to 18 ft (5.5 m) near seawall

CONSTRUCTION: Cost $1,581,673.30
« Start October 1902 - Complete July 1904
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Galveston Grade raising
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The Studies & Projects
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USACE Galveston Bay surge modeling 1969 1979

M -y
Detalled hydraullc study of Galveston Bay
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Coastal Spine vs. Inland Barrler
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» Physical model completed in 1969
e 1:3000 horizontal
e 1:100 vertical

b

Fig. 3. View of model, looking northwest from Gulf of Mexico

DCCM 12



A . - | EN e Y . »

1 0UsoN I ¥ Baytown
Iniversity Place ) bi
N e .DeerPark

"\ Pasadena | B
P g arorret  d-aPorte

\ MUNI | ;
‘h/i".'.w/.' p : A'QDO‘?\T G U L F O F
METXICO

e —— = ‘L:-'LL'NGTONFLD
ELLINGTON

Pearland “mronce ,Seabrook

Friendswood,

JLeague City

Gamma

Alvin® 175/

SantaFe'  LaMarque,

SCHOLES |
AT GALVEST
AP «T




PUETST UOLS2ATED uwoal astaxeq syd(y z usTd jo maya Telsus) T udeabojous

e

W NO1S3A VO T p—
N AT ™ . P qr -

YINSNINSd ¥YAIN08

©
)
)
©
(@)
-
D)
C
©
al
qv]
L
=
<




Gamma Plan- Gated

s 1K :' - '.-‘ y
B /A VIGATION OPENING I 4y
q ~




™MM~r~Aa

Bl G G AV
Design Principles- Multiple lines of Defense
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- OYSTER & CORAL REEFS BUILDING & EVACUATION
DRAINAGE | RELOCATION
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« Combination of structural, non-structural, and NNBF:

» Coastal storm damage risk reduction

« Coastal ecosystem restoration and management

« Supporting coastal sustainability and resilience - redundancy

+ Uses an integrated systems approach

DCCM

Oyster Reef Lagoon/Tidal Marsh Upland and/or
(-8’ to -2’ MLLW) (-2 to 3’ MLLW) Bird Island
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Strategic Efforts — Massive Investment B o o m_i;wone
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Coastal Texas
Protection and
Restoration Study

Alternative B

High Island to Port Bolivar

Bolivar Roads and Houston
Ship Channel Gates
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Coastal Texas
Protection and
Restoration Study

Alternative C
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Recommended Plan Dual Dunes

ELEVATION (FT) NAVD 88

BOLIVAR XS1 TSP DESIGN & TYPICAL DIMENSIONS
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Legend
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Actions With Tier 1 Projects s { . k}
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2019 Texas Coastal
Resiliency Master
Plan

» The 2019 Texas Coastal Resiliency
Master Plan recommends 123 Tier 1
projects for a cumulative Resiliency
Plan cost of $5.4B USD.

The Plan aims to reduce or alleviate
coastal hazards such as:

« Rosenberg

Texas\City

D
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. Lake Jackson
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» Altered, Degraded or Lost
Habitat

Corpus
. Christis g
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Gulf Beach Erosion and Dune
Degradation

Bay Shoreline Erosion

Existing and Future Coastal
Storm Surge Damage

Coastal Flood Damage

Impact on Water Quality and AT
Quantity J

Impact on Coastal Resources

Abandoned or Derelict Vessels,
Structures and Debris
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Coastal Texas Recommended Plan

)

@ Bolivar Roads Navigation Gate System

Dual Navigation floating Sector Gates 650 ft wide, 82 ft tall
Dual Small Boat Sector Gates 125 ft wide, 62 ft tall

15 Vertical Lift Gates 300 ft wide, spanning 4,500 E
Box Culverts 16 ft wide and 16 ft tall, spanning 1500 ft
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Coastal Texas Recommended Plan Bolivar Roads Navigation Gate System




Coastal Texas Recommended Plan Bolivar Roads Gate b b e AV
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: meme § *Cross section
LY « 8,000 ft (2,440 m) wide opening Bolivar Roads
* Approximately 60 ft (18 m) depth
* Navigation gate width 840 to 2,000 ft (256 m — 610 m)

*Environmental considerations

Reduction in tidal prism — 0% up to 40%?

No net change in exchange?

(Bolivar Peninsula

Navigation, Tidal exchange, Intertidal enviro gates

-

Boire Boed

TN

Data SIO; NOAA LS Navy, NGA| GEBCO.
Image Landsat
©2016/Google
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Coastal Texas Recommended Plan Bolivar Roads Gate

TP ,-’ y + Paleo Geomorphology of the former Trinity River Valley 17,000 years
xY T ™ . ago

* Very poor subsoils at current channel location

Anderson, et al. 2016.

Galveston Island  Pelican

Island Bolivar Penisula
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Latitude (Deg)

Criteria - Drives the Gate Design

1. Tidal Prism — reduction inducing mitigation for 10%
requirements ~$1.1B to $0.9B (G-28 or B-2, respectively)

* Islands - restrict flow
« Vertical Structures - impacts flow
2. Geotechnical Conditions — paleochannel of the Trinity
River beneath Bolivar Roads
» Piles vs. spread foundation
» Consolidate sediment (vibratory)
3. Navigation Gate Closure Criteria — must be able to be
opened quickly during hurricane
« Rapid opening prevent - reverse head
« Sedimentation

Max. Water Surface Elevations (Run_0270_CTXA1EO1 ) Max. Water Surface Elevations (Run_0270_CTX01P01A )

10 10

S = B
(feet)

(feet)
Latitude (Deg)
3
o

<

Existing Condition WP(Gate Close)

L
956 954

walls

sl B0 o '9“5 o sk 956 954 952 95 48 046 044 942 &
e, s Longhude (Deg)

Galveston Bay

WP (Gate open)

952 05 48 M8 M4 M2 M
Longitude (Deg) i
https://www.swg.usace.army.mil/P
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Gulf of Mexico
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The main component of Rice University's proposed Galveston Bay Park Plan is a 25-foot-tall levee along the Houston Ship Channel
that would be constructed out of clay dredged from the shipping lane. Additional dredged material would be piled behind it to form 31
parkland. & Connie Hanzhang Jin



Multiple Lines of Defense — Strategy Bl e G AV

* Develop shared understanding among local stakeholders, agencies, and allies
« TAMU, SSPEED, UH, PoH, TxDOT, TxGLO, USACE, Galveston Bay Foundation, etc.
« Galveston Bay — Resiliency Master Plan development

« Science and Technology

Surge and circulation modeling - with and without combo of features
CFD modeling of gates —w/o and selected plan

Bridge gate combo design concept

Navigation gate design optimization

t EXAMPLES OF MULTIPLE LINES OF DEFENSE ON THE TEXAS COAST
Gulf of Mexico Barrier islands Bays & Estuaries Inland

« Align priorities - multiple lines of defense —to increase impac
« Strategic communication
.. . . . . Oyster Reofs
« Political education and alliance building e | e JHahesionban. . Man-race
* Perform detailed resiliency studies
« Secure design and construction funding — by component

DCCM 32



Our Similarities - Navigation vs.

Environmental flows

o I O Baoth flow and navigation sections
: #  Only flow sections
Eastern Schieldt [ IPeak tidal velocities = 5 m/s
: "-.:i’enice * [ IPeak tidal velocities: 1.5-5 més
4 St.P : [ ]Peak tidal welocities < 1.5 mis
1|:| b e ...... E ............................... -
< « Eastern Scheldt and Eider barrier have reduced
8 Ramspol _ ; the original tidal opening
I | 1 I S TR TP Ry e -
= Bill der Bucht: : . .
- . R ; « For other barriers (e.g. Maeslant, Venice, Ems)
-1} eanroo o . _— . .
& o navigability is important
e _ « For Ramspol, St. Petersburg, the water
circulation was already low before construction.
« Galveston peak flow of approx. 2 m/s and tidal
_ prism cross sectional area of 23,000 m2
1|:|1 i ]
10° 10° 10° 10 10
Peak flow during mean tide [m3fs]
DCCM Slide from: Prof. dr. ir. S.N. (Bas) Jonkman - TU Delft Professor of Hydraulic Engineering
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