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Outline.....

1. Background on Coastal Texas Project
a) Regional Vulnerability
b) Recommended Plan, Key Features
c) Evaluation Methodology

a) Methodology
b) Recommended Plan

c) Sediment Needs (Initial)
d) Sediment Needs (O&M)
Source of Sediment
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Background Coastal Texas PrOJect

The project area
consists of the entire
Texas Gulf coast
from the mouth of
the Sabine River to
the mouth of the Rio
Grande (~350 mile,
600 km)

Galveston Island

| Upper Texas Coast
Orange, Jefferson, Chambers,
Harris, Galveston, and
Brazoria Counties

I Mid to Upper Texas Coast |

Matagorda, Jackson,

Victoria, and

Calhoun Counties

Mid Texas Coast

Aransas, Refugio,

San Patricio, Nueces,

and Kleberg Counties
I Lower Texas Coast

Kenedy,

Willacy, and

Cameron Counties
[] coastal Zone Boundary

Port of Houston is an
Integral part of the
regional economy
~52 miles HSC
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Population Centers Coastal Ecosystems

e >$125B assets at risk,

growing to $200B » Wetlands, seagrass beds,
Wi

oyster reefs, dunes, and

» 18 coastal counties beaches

* 6.1 million residents, growing
to OM in 50 yrs

» >24% of the TX population

+ Critical threatened and
endangered species habitat

* Nursery habitat and significant
commercial fisheries for oysters,

Critical Infrastructure shrimp

« Nationally ranked deep-draft

ports

450 miles of Gulf Intracoastal
Waterway (GIWW)

* 40% of the Nation’s
petrochemical industry

» 25% of national petroleum-
refining capacity
* NASA




Challenge: Regional Vulnerability

Extreme Impact on i A
Community. e

13 major hurricanes (7. Cat 4) = =
since 1851 | e
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Challenge: Regional Vulnerability

Tide Gauge Stations

Tide Gauge Trend Magnitude [mm yr—!] OB

O O A ,  @sPENSACOLA

30°N{ 574 1881

PORT ISABE
2000 m _E
fractlon of tlde gauge SLR trend accounted for

97.5°W 925W 90°W 87.5°W 85°W

RSLC rates for GOM —  20.6 mm/yr Galveston
14.2 mm/yr Grand Isle
14.8 mm/yr Port Isabel

13.6 mm/yr Pensacola

3 to 8 ft sea level rise next 100 year

82.5°W




Challenge: Regional Vulnerability

HARVEY RAINFALL TOTALS AND TRACK 1ot moncay
A

s¥ »
g Thurs., 7 p.m.: Depression
o @ !
S

~  TEXAS Hurricane Harvey (2017)

Wed., 7 p.m.: Tropical storm

Aug. 27-28: Drifts MISS. ALA.

back toward Gulf |
Ny

20 Trillion Gallon of

Aug, 26.27: Stalls, [ A8 Y, l.ake : Baton § Rainfall
bounces around as | Austin ( arIes - = = ,
tropical storm X - : ew Drleans .
szi—i @A fayette : : ‘ ==l Weight of Water Caused
San Antonio " | Houston to Sink by 2 cm

i, 3

Wed., 7 a.m.: Tropical storm | K& day rainfall
totals, in inches:

Aug 26,7 a.m.: Category 1 '
Tues., 7 p.m.: Tropical storm
N Il 20-30"

More than 30"
CorpusChisti h | H 15-20"

¢
F "
Triggered new rainfall
statistics (ATLAS 14)

\ 'Y N, y =

\wAug 25,7 p.m.: category4| Gulf of Mexico B 1015

8 ESUL
Aug. 25, 1 p.m.: Category 3 B s

\ \———J B 45" Source : NWS,
i . - | L’ 3-4" .
: i % - "-’ Aug. 25, 1 a.m.: Category 2 ' ] 2-3" Climate.Gov
, %, 1.5-2"
MEXICO N ] —

.. Aug. 24, 7 p.m.: Category 1 i

N
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US Army Corps
Of Engineers.

Updated: 28 Sep 2023

" ‘imwnnw—nk‘dl'hnn. ludies a combination of ER and CSRM feature
urat and buslt infrastru

- Bl MULTIPLE LINES OF DEFENSE ON THE TEXAS COAST

oying multiple Lin
stem providges incraased resiliency al

Gulf Defenses: Hardened
Perimeter at the Gulf Inlet

v Storm Surge Gates

v Combi-wall Flanking
v Dune Flanking

v Seawall Improvements

Bay Defenses: Lateral and
Interior Features

v Ring Barrier
v Upper West Bay — Clear Lake,

Dickinson Bay & Non-Structural e Bfag l.f.ines
e ; o erense

Improvements i Ol . 7 5

“ GIW Brealowaters e ‘ i el

v Oyster Reefs & Marshes Dickinson Bay Gata System

v ER Site-specific restoration features & Nonstructural Improvements
(e.g., bird islands, hydrologic Gulf Lines
reconnection) == of Defense

Bolivar Roads Gate System

Bollvar and Wast Galvastan
Beach and Dune Syslam

Galveaston Saawall
Improvements
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= ‘Bolivar Roads Gate System
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‘Bolivar Roads Gate System
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hallow Water Environmental Gates (SWEG)
6 Sluu:e Gate Type Structures (16*6 ft wide, -5 ft Sill, 21 ft

elevation)® By

(& T W



Deep Draft Navigation Sector Gate

Conceptual rendering for illustrative purposes only

- Gulf of Mexico -

. el
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Vertical Lift Gates (VLG)

o . . o
g \/ertical Lift Gates

- - VUftGateOpe:‘:’a_;‘ 1 el (i oetp Tgsat
7 Shallow Vertical Lift Gate (300 ft wide, -20 ft Sill)
8 Deep Vertical Lift Gate (300 ft wide, -40 ft Sill)

Holland lissel Type



BARRIER DESIGN
CONSIDERATIONS

US Army Corps
Of Engineers.

ALIGNMENT .

Alignment #2 is preferred after considering
infrastructure, conducting ship simulation

S
SILL DEPTH & NAV OPENING 5

Deep, Intermediate, and Shallow Draft Sill Depth: Structure must handle
required depth and changing bathymetric condition. For deep draft, the
depth is -60 ft MLLW. For shallow draft structures, the depth requirement
is -5ft to -20 ft MLLW. For intermediate draft structures, the depth

e

Future expansion of navigation
channel?

https://coastaltexasprogram.com/ &
f CoastalTXStu {u:\

StoryMap: https://coastal-texas-hub-usace-swg.hub.arcgis.com/

Updated: 28 Sep 2023

HYDRAULICS

Structure must handle significant hydrostatic head difference (>25 ft) and
some reverse head condition. The structures will be subject to substantial
wave loads and potentially impact loads from vessels.

Wave
Conditio
n

ENVIRONMENTAL

To minimize the ecological impact, cross section of the inlet must be
considered seriously (>> at least 70% for Coastal Texas)

S — <o-
\e%
> Consider both Direct and Indirect
impacts

(«lﬂvr\v\

- rh‘:‘?,.;'-"»" —mline
dim c[ - o~ '““-'1 L Y
ll L) :::","’
L



B BARRIER DESIGN

US Army Corps

" CONSIDERATIONS

ADAPABILITY: CLIMATE CHANGE

Present Day

>

o

gkl CELY

https://coastaltexasprogram.com/ | {:i'
L Y7 y

f CoastalTXStu
StoryMap: https://coastal-texas-hub-usace-swg.hub.arcgis.com/

Updated: 28 Sep 2023

OPS — RELIABILITY & SUSTAINABILITY

“Installing a barrier system is like buying an Sustainability :
insurance” Closure frequency
(Marc Walraven, RWS) : over time ?

e Trigger ??
. Frequency of Gate Operation may
change over time

. However, the gate closure will be
driven by more than storm
frequency or trigger elevation.

e 1to 2 closures each year for
maintenance or inspections, that
alone dominates the number of
closures apart from storms.

|

Protected Sidefl ¥ ——
g —Wk\ Track orientation

o has huge bearing
on surge

B P e By W [ TR TGN |

1
¥ B



Coastal Texas : Evaluation Methodology

.......

1. Coastal Modeling
a. Over 2000 ADCIRC+STWAVE simulations
using different SLC and multiple
configurations ( )
b. Protection level (Probabilistic)

)
3. ADH modeling for hydrodynamic and salinity

4. Particle track modeling

5. Ship simulator studies for navigation gates
6. International collaboration for Gate design
7. BEACH-EX (SPI)

Change in Max. WSEs with
alt6 project for storm #0342



Design of Beach and Dune System

- Design Questions

~ + How much material
do we need ?
Sediment Source ?

Will it perform at

Jofferson Co

Chambers Co,  Change rate
(miyn)

the design level = & D P e L

25-36

and sustain Over | ‘ '\.' b '.’;,‘ g ‘ £ ; ’ .‘ | to North &Gi?gtzlefmeoﬁy 0 1529
RSLC? iy E : . - - ) Galveston Co
Beach access ? \ '

Project Cost (Initial 3
0 Figure 17. Net rates of long-term change for the upper Texas Gulf shoreline between Sabine Pa
’O&M) ? - V'f gare ol fales ng-leru change for the tpy eXas Oull shoreline between Sabie Fass

and San Luis Pasy (Jeflerson, Chumbers, and Galveston counties) calculated from shotelme posi-
tionw through 2007 (1able 3)




Design Philosophy : Mimic Natural
Condition

Bolivar Peninsula

I(gft
\\ -
il

<>

Bolivar Peninsula Dune Line (~10 ft)



Data Collection : Beach profile
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Legend
Elevation (m)

-1.594499

e 9150000 - -7.638900

® 7638809 --6127800
& BAZTTHH - 4616700
* 45616699 - -3.105600
. 3105690 - -1 554500

--0.083400

-0.083309 - 1.427700

Ref.
Tim Dellapenna

DOC, Equilibrium
profile, volume

US Army Corps
of Engineers *




Design & Evaluation Method

Step 1: Coastal Hazards System

Efficient Storm Sampling

Characterization of
Storm Climate

(Forcing) StormSim
Tropical Cyclones Extratropical Cyclones
(Synthetic) (Historical)
Development of Development of
JPM Storm Set Composite Storm Set

| \

Climate and Hydro Modeling

WAM
PBL Cyclone Model g
(Wind and Pressure 7' (Regional)

Fields) \ ADCIRC
Water level (storm surge, Couple

astronomical tide, SLC)
Wind speed, direction, currents
Wave height, period, direction

r

STWAVE
(Nearshore)

CSTORM

[

Response Statistics

Combined Joint Probability

!

Annual Exceedance Probability
Average Recurrence Interval
Confidence Levels

24

StormSim

e
i

COASTAL &
HYDRAULICS

LABORATORY




Design & Evaluation Method

Step2: Probabilistic Life Cycle Analyses

Stochastic Response
Computation Methods

|

!

Response-Based Analysis

Extract storm response(SWL, Hyy,
Tp B)8nd storm rates from, for

example, CHS

Rbughly 75 storms per life cycle in 4

frequency categories:

Rad =1

Nontropical
AP<28 mb
28<AP <48 mb
AP > 48 mb

[

1

(ot

| Morte-Carlo sample
stormes. add uncertarty for

p—]  (SWL H.o T, 8.Eq)
!
|

compute response by ime
siep, sslect peak
response

:

Compute probabiity
distributions anc compute
confidence mits of LCs

e
COASTAL &

HYDRAULICS

BUILDING ETRONG

LABORATORY
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Design & Evaluation Method

1. CEDAS: BMAP, S-Beach 2. CSHORE
Storm Condition : Event Based MonteCarlo Probabilistic Simulations
(Ike, Rita, Frances, Allison) (170 Tropical Storms,

RSLC)

Design Cross Section : Many Cases

« Existing Condition

 Dune: Sand Only Option (12 ft, 14 ft Dune Height)

* Dune Field: Sand Only Option (12 ft, 14 ft Dune Height)
* Fortified Dune - Hard Core Inside (8 ft, 10 ft, 12 ft)

Question to Answer =y
(a) Initial Quantity (Construction Cost)
(b) Regular re-nourisiment cycle (O&M)



Recommended Plan

BOLIVAR XS1 TSP DESIGN & TYPICAL DIMENSIONS

Overall Dune Width: ,
1¢ To+0' NAVDSS: !
185'(+/-15'TYP) 2 -'E‘ °9S'[vu-la) " Eae o

e —— Design Profile

= = MHHW = 0.61'

ELEVATION (FT) NAVD 88

200 300
DISTANCE (FT) FROM CSRM LINE

Beach Dune Width
250 Feet 185 Feet

Beach and Dune System Components

Drawing is representational and for illustrative purposes only. All dimensions are approximate)



Sediment Needs (Initial

Construction Quantit

- Galveston Length: 18.35 mile
- Bolivar Length : 25.09 mile

- Galveston initial construction
volume R
17.19 MCYD (Avg. 177.43 CYD/ft) 45 S Ao

- Bolivar Initial Construction Volume
22.14 MCYD (Avg. 167.12 CYD/ft)

- Total initial construction volume withi SN
advanced nourishment
39.33 MCYD



Evaluation of O&M
10 year Storm (~Reta)

Maxm runup = 8.96 ft

Maxm runup = 7.94 ft

Dunes appears to be intact




Evaluation of O&M

100 year Storm (> lke

Max runup = 13.03 ft
Single Dune (14 ft crest)

Initial profile Existing Condition

" Final profile -

00
Dutance Ofwhore (8)

Dune Field(14 ft crest)

o Maxm runup = 15.2 ft -

\ I Observed some resiliency
;o \ Single Dune (12 ft crest)
5 A \\

00
Destance Ofishore (1)

Derarce Ofvnems P

Dunes appear to be compromised




Evaluation of O&M
Probabilistic Life Cycle Cost

$T16998 Bolivar! DUALDUNE USACELow
Original Dune




Life Cycle Cost (O&M)

MR WD MR O OGN e e
e

S N N DX e . LU TR T
- -

o Avye rage o Avye rage+ 15D Bolivar Peninsula XS1: Storm Induced Design Profile Response to Frances

mmm Erosion  mmssmm Accretion Initial Post-Storm Profile

=

Elevation (ft) NAVD88

200 300
Cross-Shore Distance (ft)




Life Cycle Cost (Renourish Volume)

Total maintenance volume
over 50 year life cycle

Bolivar: re-nourish cycle every 6 years
@ 1.785 MCYD per rebuild

Low RSLC West Galveston: re-nourish cycle every

Bolivar: 12.751 MCYD 7 years @ 1.04 MCYD per rebuild
Galveston: 6.569 MCYD

Total : 19.32 MCYD

High RSLC (including Std. dev)
Bolivar: 15.813 MCYD
Galveston: 9.135 MCYD

Total : 24.948 MCYD

Int. RSLC (including Std. dev)
Bolivar: 14.28 MCYD
Galveston: 7.85 MCYD

Total : 22.13 MCYD




Sediment Source (> 60 MCY)

Galveston Island
Shoreface Sediments

Trinity and Sabine Rivers
Paleo ' Incised Channels
3.923.850.000 CY

Heald and Sabine Banks
1,818,050,000 CY

2,354,000°CY g
“""f g = '
: ,;‘:ﬁ_ L"‘;i . Paleo Brazos and Colorado Deltas
TP — 27/613/440/,000/CY
S R *GK

: Matagorda Bay /Paleo Incis ed Channel
Y 3,923,850,000/CY;

./ Nueces R'iver Paleo)Incised Channel

2,452.,406,000 CY

Current costs are based on
Sabine Heald Banks.

Cost effectlve near shore source "7
are exnloredi v

Sources
Coarse Sediment



@ P ROJ ECT COSTS https://coastaltexasprogram.com/ % %,j'

Of Engineare, f CoastalTXStu
|S |T WORTH |T7 StoryMap: https://coastal-texas-hub-usace-swg.hub.arcgis.com/
Updated: 28 Sep 2023
The NED/NER Plan must balance: : Projected Costs

v' Engineering soundness
v Environmental acceptability
v' Economically justifications

Gulf Defense: $23.6B
(Bolivar Roads Gate
G u If System + Bolivar/West
Galveston Beach &

Dune Systems + SPI +
Mitigation)

Bay Defense: $ 7.7B

(Galveston Ring Barrier +
Seawall Improvements +
Clear Lake + Dickinson Bay +
Non-Structural Improvements)

« Unity: Benefits Equal Cost

- Benefits include quantitative,
gualitative, monetized & non-:
monetized units

Ecosystem
Restoration: $ 3.1B

TOTAL: $34.4B

* Locally Preferred Plan (LPP)
Is a plan that is preferred by
the non-Federal sponsor over
the NED/NER plan, and is -
sometimes recommended for project

authorization instead (with caveats)
Recovery Costs for Storms
of the Past:

Hurricane Ike (2008): $38B
Hurricane Harvey (2017): $125B

» LPPs must be evaluated just as the
Federal Plan (costs, impacts,
benefits)



Coastal Texas Project: What’s Next

Web: http:CoastalStudy. Texas.gov Coastal TX Story Maps
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Questions/Comments

Thank you

Acknowledgments:
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