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The Problems
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Land Loss 

• Coast and bay shorelines are eroding

• Sea level rise & subsidence

• Loss of sediment inputs

• Littoral transport

Coastal Texas Study Area and Regions
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Surge - 500 Year Annual Exceedance Probability – Still Water Level

• RSLC Intermediate 2.2 ft (0.67 m)

• 2030 to 2100

https://www.coastalstudy.texas.gov/
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1900 Hurricane

• Hurricane winds

• Storm surge ~ 15 ft (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!

SEPTEMBER 8, 1900

THE GREAT STORM HITS GALVESTON
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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

ENGINEERS REPORT:

• January 25, 1902

• 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 Seawall
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Galveston Grade raising



DCCM

The Studies & Projects
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USACE Galveston Bay surge modeling 1969-1979

• Modeling Completed in 1979

• Full scale evaluation of storm protection for entire Texas Coast

• Detailed hydraulic study of Galveston Bay

• Coastal Spine vs. Inland Barrier

• Physical model completed in 1969

• 1:3000 horizontal

• 1:100 vertical
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Alpha

Gamma
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Alpha Plan- Ungated
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Gamma Plan- Gated
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Design Principles- Multiple lines of Defense

• 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
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Coastal Texas - $34B USD construction est.

• +$21M USD, +5 yr study

• $5 to $10B – Galveston Entrance channel Gate

• 62.8 miles (101 km) of dune/beach restoration

• $300M – Beach and dune 44 mi (71 km) 
Galveston and Bolivar – 50Mcy (38Mm3)

• $10M - Follets Island - 800k cy (612k m3)

• $60M – Beach and dune 10 mi (16 km) –
lower coast

• 15.33 miles (25 km) of oyster reef creation 

• 105 miles (169 km) of  breakwaters 

• 837.9 acres (339 ha) of island restoration

• 1,985 acres (803 ha) of initial estuarine marsh 
restoration 

• 33,342 ac (13,500 ha) of future marsh 
nourishment

• 112,864 acres (45,700 ha) of Hydrologic 
Restoration

Strategic Efforts – Massive Investment
https://coastal-texas-hub-usace-swg.hub.arcgis.com/
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Recommended Plan
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Recommended Plan Dual Dunes
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Systems Approach



DCCM

TxGLO
2019 Texas Coastal 
Resiliency Master 
Plan  

https://glo.maps.arcgis.com/apps/Cascade/index.html?appid=391c19e4bfd941ff8f471d101ede627f

• 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:

• Altered, Degraded or Lost 
Habitat

• Gulf Beach Erosion and Dune 
Degradation

• Bay Shoreline Erosion

• Existing and Future Coastal 
Storm Surge Damage

• Coastal Flood Damage

• Impact on Water Quality and 
Quantity

• Impact on Coastal Resources

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

Bolivar Peninsula

Galveston

Pelican 

Island

Texas City Dike

• 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

• 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

Bolivar Peninsula

Galveston

Pelican 

Island

Texas City Dike
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Coastal Texas Recommended Plan Bolivar Roads Gate

•Cross section

• 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?

• Navigation, Tidal exchange, Intertidal enviro gates
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Coastal Texas Recommended Plan Bolivar Roads Gate

• Paleo Geomorphology of the former Trinity River Valley 17,000 years 
ago

• Very poor subsoils at current channel location

Anderson, et al. 2016. 
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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

https://www.swg.usace.army.mil/Portals/26/CTX_MR_Appendix%20D_Engineering_2020823_1.pdf
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Ike Dike - Plan
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SSPEED – Galveston 
Bay Park Plan
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Multiple Lines of Defense – Strategy

• 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

• Align priorities - multiple lines of defense – to increase impact

• Strategic communication

• Political education and alliance building

• Perform detailed resiliency studies

• Secure design and construction funding – by component
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Our Similarities - Navigation vs. Environmental flows

• Physical model completed in 1969, study completed 1979

• 1:3000 horizontal

• 1:100 vertical

• Full scale evaluation of tropical storm protection for entire Texas Coast

• Detailed hydraulic study of Galveston Bay

• Coastal Spine vs. Inland Barrier

•

• Eastern Scheldt and Eider barrier have reduced 

the original tidal opening

• For other barriers (e.g. Maeslant, Venice, Ems) 

navigability is important

• 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

Galveston

Slide from: Prof. dr. ir. S.N. (Bas) Jonkman - TU Delft Professor of Hydraulic Engineering
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QUESTIONS?

cmaglio@dccm.com
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