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ABSTRACT
This project uses western Galveston Island, Texas, USA to
explore design options for integrating a projective storm surge
barrier system into the coastal landscape. The design creates
a comprehensive master plan by using four target sites on the
island, develops design strategies for barrier integration, and
suggests principles for successful integration.
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Background

Coastal storm damage and related flooding
threatens the Texas, USA coastline on a
regular basis. With nearly 40 significant
hurricane impacts since 1900, Texas
experiences a hurricane every five years,
and a major storm every 15 years. The lke
Dike is a projected storm surge protection
system which is intended to protect the
Houston-Galveston Metropolitan Statistical
Area [H-G MSA] from a 10,000 year storm
event. The lke Dike is named after category
four Hurricane lke that hit the H-G MSA in

2008, resulting in 84 casualties and over $19

billion in damages. The proposed barrier

infrastructure extends parallel to Galveston
Island, Texas to protect the port of Houston,
the second-busiest port in the U.S. with an
economic base of 178.5 billion dollars a year.
The barrier system consists of a set of sector
and sluice gates on each side and a fortified
linear dune which creates a protective spine
along the length of Galveston Island (Fig. 2).
Floods are the costliest and most
disruptive natural hazard worldwide and are
especially problematic where development
resides in low-lying coastal areas.
Simultaneously, increasing development

in coastal areas globally puts populations

Coastline

BiEBER
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Galveston Island Welcoming Entrance
REE S DEAN

Ground Level Viewing Deck H:EV &4
Upper Level Viewing Deck FENTE
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DR/RAEHTIT & 1 34 B2 030 o
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Single-family Residential J# T
® Wetland it

at risk and can cause losses in naturally-
occurring wetlands which further exacerbate
vulnerability. Protecting open space in

the 100-year floodplain can reduce flood
losses in the U.S. by an average of $591,436
annually'. Wetlands can reduce the impacts
of inundation from storm surgem and help
reduce the flooding of communities and
associated losses due to their ability to hold,
store, and slowly release runoff®. Samuel
D. Brody et al.“ found that losses in wetland
areas along the Texas coast significantly
increased property damage from floods,
adding over $38,000 to each jurisdiction

per flood. Further, for each acre loss of

© © Galen Newman, Yixun Zhang, Grace Guo
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Urbanized Area
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naturally-occurring wetlands along the favor mechanical solutions to increase 10, #RTHE S

1. SN AR

Gulf of Mexico coast there was an increase development potentials in areas where flood-

10. Master plan for the
Urbanized Area

on property damage caused by flooding by risks hinder development opportunities. Few

an average of approximately $1.5 million examples, however, illustrate harnessing 11 Master plan for the

) Minimal Impact Area
per year“']. Conventional development the power of wetlands and green spaces as

patterns are a significant factor contributing
to flood risks. Increases in impervious
surfaces across watersheds can exacerbate
floodingm from reduced soil infiltration and
increased surface runoff®’, In Coastal Texas,
every square meter of impervious surface
translates into approximately $3,602 of
additional property damage caused by floods
per year™,

Current design approaches for storm

surge infrastructure in the U.S. primarily

a means of attenuating flooding”™. These
ecosystem services include storing and
disseminating floodwaters, reducing peak
riverine flows, and buffering storm surgem.
Local parks, playing fields, and undeveloped
lands acting as a storm buffer to surrounding
properties and spatially-targeted design /
development strategies that create set-
backs from or buffers around flooding

[ojy

threatened areas can also be effective

The design presented in this project
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develops four master plans for the western

portion of Galveston Island (10,000 acres)
and conceptualizes alternatives for
integration of the fortified dune component
of the lke Dike system. This project approach
integrates and enhances existing ecological
conditions to help mitigate negative effects
of surge barriers. The amplification of

water exchange between fresh, salt, and
brackish waters, increased sedimentation
deposits, extreme topographic alteration
and large-scale green space depletion can
all be possible consequences to barrier
implementation?.

Both structural and non-structural

flood management approaches for flood

minimization are employed to help minimize
these impacts. Structural approaches
typically involve physical construction

seeks to resist the threats of floodwaters.
These include seawalls, levees, dams,
channels, elevated buildings, sector and
sluice gates, and revetments. Often, these
can significantly diminish the visual quality
of the existing landscape and are costly,
and can be prone to structural failure".
Structural approaches have proven effective
in protecting populations in developed flood
prone areas but can disturb the existing
ecological system once introduced".
Further, increasing physical risks combined

with rapid land use changes can amplify

Minimal Impact Area

=d\-A1u[d

800m @

@ RVPark BEEAR
@ State Park Store MM ARFE
@ Parking 5%
@ Leakage Detention ;%R
@ Dune WE
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@ Groins Fiibig
@® Existing Pond HAthiE
® Entrance Plaza ANA
® Existing Residential Building IH x £ &5
@ Observation Tower WFE
® Hiking / Jogging Trails {&1743%
® Pergola #
® Filter Strip FRiEH
Design Boundary &itin5t

adverse ecological impacts. Non-structural
techniques seek to guide development away
from flood vulnerable areas through land
conservation policies and / or other non-

15 Several effective

developmental measures
flood management programs recommend
a mixture of structural and non-structural
techniques tailored to the different and

unique conditions of each local area.

Issues and Challenges

Storm surge in the region has an
average height of around eight feet. In the
context of a potential six feet rise in water

heights, the majority of green spaces (97%),

g, Grace Guo

— © Galen Newman, Yixun Zhani
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12. Design connection options for the fortified dune.
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Connecled through Terrace
BT A g

N

Connecled through Stairs
BT BHEE

Connecled through Boardwalk
B AR E

ety
T

4

Connecled through Recreational Pier
BIHRARIGERE

Connecled through Fishing Pier
B EHRIREE

.

Connected through Structure (Cruising Restaurani]
BT (K EMKET ) EZ

Connecled through Reclamation Wetland
BT EGEEE
ﬂ
Connecled through Slide e
BITBEERE
S —

Connecled through Rock Climbing
BB

Connected through Zipline
BB RERE

SWIZITS / FMELE  LANDSCAPE ARCHITECTURE FRONTIERS / THEMATIC PRACTICES

— 5-pl12-125-cs6.indd 123

N> © Galen Newman, Yixun Zhang, Grace Guo

residences (82%) and commercial properties
(84%) would be places flooded"® (Fig. 3).
The National Oceanic and Atmospheric
Administration Sea Level Rise Calculations"
actually project that every one foot of sea
level rise will lead to around 11% of flooded
land in western Galveston. Currently, over
half of western Galveston Island (56.3%) is
composed of wetland area and a majority of
these wetlands (43.7%) are saltwater marsh.
Overall, green space is the dominant land
use on the site, comprising around 61%,
with residential (32%), commercial (1%) and
beach area (6%) also occupying large tracts
of space (Fig. 4). Demands for economic
growth on the island are increasing and
natural area conservation for protective
purposes should be considered in future
development plans.

Current beach widths on the island
average close to 200 feet. This could make
dune integration difficult within currently
developed areas. This width is much smaller
than average widths of other beaches such
as San Diego, California (320 feet], Miami,
Florida (370 feet) or a typical beach in the
Netherlands (600 feet) (Fig. 5). Proposed
typical dimensions for dunes in the system
are approximately 115 feet wide by 20 feet
high. In developed areas near the coast,
this will lead to nearly half of the existing
beach line being consumed by the barrier.
Simultaneously, existing residential
structures are around 30 ~ 40 feet in height
and could be impaired by potential scenic
and social disruptions if the dune is not well

integrated into existing conditions (Fig. 6).

Design Concept and Strategies

This design concept is to integrate the
dune into the landscape as a protective
multi-functional linear ecological armature.
The dune serves as a structural skeleton
enveloped by a growing medium and
paralleled by detention basins to detain

overtopping (leakage) from storm surge
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which may crest higher than the fortified
dune’s height. Both natural and social
systems are assimilated as communities
are protected from surge over the long-term
while simultaneously supporting tourism,
recreation, and economic opportunities. The
project focuses on four unique target sites
on the island (Fig. 7) for which prototypical
comprehensive master plans for future
growth are proposed. Dune integration
options are then offered for each different
ecological and developmental context.

1) Coastline — This site’s beach area is
nearly five times as wide as all other sites
(1000 feet) and is currently an area for beach
and water recreation. The master plan (Fig.
8) seeks to significantly enhance tourism
opportunities while retaining existing open
space. While conserved green space is
used for leakage detention on the bay side
of the dune, three multifunctional decks
are built into the beach side of the dune
as recreational nodes. These areas are
highly scenic and allow for aquatic vehicle
rentals, para-sailing, fishing, boating, and
other beach activities to enhance tourism
opportunities.

2) Transitional Area — This site is
currently only lightly developed but has a
high development potential; it is in transition
from non-developed to future development.
The H-G MSA is a highly industrialized
area and this area is spatially planned as
a future industrial park. The master plan
(Fig. 9) projects four-story office spaces,
medium density residences, mixed-use
developments, proposed recreational trails,
connections to existing trails, research
facilities and new industrial land uses.

3) Urbanized Area — This site is already
relatively highly developed and consists
of an existing resort and spa complex and
small clusters of existing commercial
development. This area is projected to
become a small town center for the western
side of the island. The master plan (Fig.

10) is comprised of multiple institutional
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land uses, mixed use areas abutting public
spaces, medium density residences, and
multiple commercial opportunities including
luxury hotels, resorts and new beachside
condominiums.

4) Minimal Impact Area — This site is
tangent to Galveston Island State Park and
requires integration through non-structural
means, land preservation, and connections
to existing trails and activities. The master
plan (Fig. 11) seeks to retain existing local
conditions, after dune implementation. A series
of existing hiking trails are rewoven into the
dune, providing increased outdoor recreation
options, low density residences, and green
space conservation.

As master plans for each target site have
been developed, integration strategies for the
dune are also proposed. A toolbox of integration
opportunities are provided (Fig. 12) which can
be synthesized into eight key strategies:

1) Leakage Detention — A series of existing
small scale, linked wetlands or excavated areas
are projected to be installed behind to the
fortified dune. Projected as wet ponds that are
designed to permanently retain some volume
of water at all times, these can also be used to
absorb storm surge that may overtop the dune.

2) Habitat Preservation — Existing state and
local parks, ecological niches, and open space
are encouraged for conservation purposes to
aid flood attenuation purposes (Fig. 13). These
areas are protected by the dune and help buffer
the surrounding developed and developing
communities.

3) Tourism Enhancement — Community-
based tourism enhancement can offer more
opportunities for economic development.

The dune is designed to promote tourism
opportunities, open up communities and
increase passive and active recreation while
retaining the culture of the island.

4) Recreational Opportunities — Increased
population, development and tourism make
public space such as parks and beaches
essential venues for recreational activities.

Innovative recreational offerings and increased
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outdoor opportunities are built into the dune
to contribute to the economy and generate job
opportunities.

5) Erosion Control — The fortified dune is
covered with native dune plantings to protect
the stability of the dune. It is important to
reduce sedimentation loss to the coastal side
of the dune through the strategic planting of
species with fibrous root systems. Decreased
erosion will also reduce dune maintenance
costs over time.

6) Beach Maximization — Considering the
relatively low amount of beachside land, dune
placement seeks to maximize existing beach
widths. Places where future development may
occur should strategically locate the dune to
provide ample beach space for future residents.
Areas with existing development must seek
to maintain existing beach dimensions. Beach
nourishment and elongation strategies are
especially encouraged in these areas.

7) Cross Dune Accessibility — Existing
dune-to-structure connections are dependent
on owner preference. Connections will be
made from the second or thirds stories of
each residence and will incorporate privacy
structures to limit access. Connections over the
dune (from the bay side to the beach side) are
also proposed in areas which may be developed
after the dune is implemented. Stairways,
ramps, and boardwalks will create a series of
connective typologies to increase beach access.

8) Parallel Connections — While
connections across the dune are important,
linkages along, or parallel to, the dune are
also necessary. Bike lanes, walkways, existing
trail connections, and spaces for commercial
activities are also proposed. Placement of new
development is recommended to occur only in
spatially clustered and high elevation areas to

maximize green space protection.

Principles for Successful Dune Integration
The lke Dike projects to significantly alter

the physical coastal landscape of Galveston and

must emphasize non-structural mechanisms
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to integrate the barrier into the landscape,
thereby creating both resilient communities
and enhancing ecosystem services. The
proposed dune system acts as an innovative
linear ecosystem linkage which also provides
structural protection. It utilizes open space
to help attenuate flooding from storm

surge, provides erosion control measures to
decrease sedimentation losses from surge
through fibrous-root planting specimens, and
provides a connective spine for existing parks,
open spaces, and green spaces. As a hybrid
approach using structural and non-structural
mechanisms for flood protection, three key
principles are necessary for successful
integration. First, once implementation
begins, placement of the dune must strive

to maximize beach space. Approaches for
elongating the beach over time should also
be considered. Second, maximization of non-
structural solutions for surge protection
should occur. This will create a green space

network to help protect the island while

W]

providing ecosystem services. Enhancement
the ecology of the island will also help

in detaining overtopped surge. Third,
incorporating human functions across and
along the defense structure will make the
barrier a line of social activity which links
developed areas and the coastline, increases
recreation and tourism, and provides the
entire coastline with a pedestrian linkage.
This project serves as a framework for an
evidence-based design guideline which can
be implemented in multiple communities
threatened by flooding issues. LAF
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