SHORELINE EROSION SEMINAR

Galveston County, Texas

US Army Corps
of Engineers

December 14, 1991

Texas A&M University at Galveston
Auditorium, Building 3007, Pelican Island
200 Seawolf Park Bivd.
Galveston, Texas 77589



SHORELINE EROSION SEMINAR
,,,,,, Galveston County, Texas

Quantitative Analysis and Design Aspects

December 14, 1991

Texas A&M University at Galveston
Auditorium, Building 3007, Pelican Island
200 Seawolf Park Bivd.
Galveston, Texas 77553

SPONSORED JOINTLY 8Y

Texas A&M University at Galveston
Dannenbaum Engineering Corporation, Houston, Tx.
U.S.Army Corps of Engineers, Galveston District
Galveston County Shore and Beach Preservation Association
Galveston County Beach Park Board of Trustees

SEMINAR CHAIRMEN

Y.H. Wang, Co-Chair A.F. Frankovich, Co-Chair
B Texas A&M University at Galveston Dannenbaum Engineering Corporation
P.0.Box 1675 3100 West Alabama

Galveston, Texas 77553 Houston, Texas 77098



FOREWORD

The SHORELINE EROSION SEMINAR, GALVESTON COUNTY, TEXAS
was organized as a technical conference concerning the quantitative analysis and
design aspects of combating beach erosion along the Galveston shoreline. There have
been ample discussions and numerous debates on shoreline problems, solutions and
management policies in the past. Sometimes these issues generated enormous
emotional public outcry. However, feelings without agenda cause stagnation and
confusion. This conference is designed to move the process forward by providing an
agenda for implementation.

The SHORELINE EROSION SEMINAR started with the employment of
conventional means for beach erosion control and followed with some new and
emerging technology applications. The purpose of this program structure was to
promote a broad exchange of information between regulators and practitioner,
scientist and engineer, and environmentalist and developer.

The editor acknowledges generous contributions of the speakers. Some of
them traveled long distances from out of state in order to present their ideas. Many
Papers in the proceedings are derived from the project supported by Galveston
County and the Texas Water Commission through Dannenbaum Engineering
Corporation. Without their financial support this conference would not have been
possible.  The approval and encouragement of the sponsors is gratefully
acknowledged. Special thanks are due to Mr. Pat Hallisey of the Galveston County
Beach Park Board of Trustees for his support and encouragement.

The logistical supports were provided by Mr. Ronnie Barcak who typed and
formatted the proceedings, Mr. Paul Wilson, Ms. Rosann Heflin, Ms. Theo Byrne,
Ms. Joyce Dryman, and Mr. Charles Lee all contributed to the smooth operation of
the conference.

It is hoped the energy exhibited during this initial undertaking will help form
a basis for clearer understanding of the technology available to solve Galveston
County’s problems.

Editor
Y.H. Wang
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OVERVIEW OF GALVESTON COUNTY
SHORELINE PROBLEMS

Y.H. Wang’

ABSTRACT: This report identifies the problem areas on
the shereline of Galveston County, establishes objectives for
treatment, and suggests options for remedial measures. This
is presented in the light of understanding the physical
environment and littoral transport processes of a much larger
geographical frame.

INTRODUCTION

The Galveston region has several coasta] problem areas that need shoreline
protection implementation. There are two functional entities that are common to all the
preject sites; the forcing function such as natural forces in the coastal zone and the response
function such as location parameters.  Understanding these two functions and their
interactions at different project sites will provide valuable information for better project
decisions and/or implementation.

When physical environment is mentioned in the coastal region thoughts on natural
processes comes t0 mind.

Location parameters such as the orientation of shoreline, sheltered or exposed, open
to long or short fetch, bottom topography, and sediment materials, etc. Natural forces, such
as waves, tides, winds, and currents, etc, that shape up the bottom configuration of the coast
zone. The interaction of these two, or the natural processes, determine the shoreline change
in that region. Shoreline changes are also possible through man’s interference of the natural

* Professor and Professional Engineer, Texas A&M University at Galveston, P.O.Box 1675,
Galveston, Texas 77553-1675



processes. Both natural and man made shoreline changes can be good or bad depending
on whether or not the change induced effects are in the viewers’ favor.,

The boundary of the Galveston shoreline facing the Gulf of Mexico starts from the
intersection of State Highway 124 with Highway 87 at High Island, and ends at San Luis
Pass. This shoreline has a general northeast-southwest orientation approximately 60 miles
long. Within this stretch of shoreline, there are two natural tidal inlets, Galveston Bay
entrance and San Luis Pass, and one man made inlet, Rollover Pass. These inlets are
separated approximately equidistant from each other, and all are connected to Galveston
Bay. Rollover Pass and Galveston Bay inlets are regulated by structures, San Luis Pass has
no regulating structure.

Weather plays an important role in the physical makeup of the shoreline. The history
of a location, especially data on shorelipe parameters, provides guidelines to the
understanding of the site’s adjustments to natural forces, Understanding how a shoreline
responds to these forces and taking into account all planning and design considerations will
lead to an overall view of the location’s attributes, therefore opening the door to solving the
area’s problems.

The prevailing winds are mostly from the south and southeast directions with a speed
of up to 15 knots. There are about 15 to 20 northeasters with speeds up to 50 mi/hr passing
through this region during winter [1]. In the past century, there have been numerous
hurricanes within a 200 mile radius of Galveston. Hurricane Carla in 1961 produced the
greatest storm surge on record in the region [2). High water levels greater than 5 feet can
occur once every two to three years [2].

The astronomical tides vary between diurnal and semi-diurnal and are less than 2
feet. The wave climate in this area is generally mild, heights less than 2 feet half of the
time. The average magnitude of longshore current is 0.8 ft/sec southwest 56% of the time
and 0.67 fi/sec northeast [1].

The general characterization of the Galveston shoreline takes into account the effects
of location and natural forces on each of the individual areas, while trying to present an

problem locations, there would be eight different problems to be solved. The key for
stabilizing, thereby solving, the shoreline problems is to investigate each individual location
and the effects that it has on the other Iocations.

‘The Galveston shoreline comprises of two main problems; erosional tendencies and
unwanted accretion. FErosion problems occur near the High Island, Rollover Pass, and
Galveston west beach, while unwanted accretion may be found in Rollover Bay, Big Reef,
and Galveston West Bay. Structures are present and occupy the middle section of County’s
shoreline. The relationship of all these problem areas need to be investigated, and an
overall regional understanding will provide answers to the coastal shoreline problems. The
Galveston shoreline can be broken into four major areas for general characterization, as
shown in the following figure.
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Segment I: Location of this portion is the extreme northeast boundary, High Island
to Rollover Pass. East of this segment is Sabine Pass and adjacent coastline that serves as
a sediment supply source. Rollover Pass, southwest part of segment, serves as a sediment
sink. This segment’s shoreline is relatively straight with a northeast orientation.

Segment II: This portion is from Rollover Pass to the Galveston Bay entrance. The
north jetty serves as the boundary, forming a discontinuity of longshore transport. The
shoreline orientation is slightly concave towards the south due to the accumulation of
sediment on the north side of the jetty.

Segment ITI: This area takes into account the Galveston Bay entrance to the west
end of Seawall Boulevard. This segment has its littoral processes modified by man made
structures. Sediment discontinuity occurs at the south jetty, then is influenced by the
groinfield and seawall. Shoreline orientation follows the structures, with little beachfront
being present.

Segment IV: This portion contains shoreline from the end of the Galveston Seawall
to San Luis Pass. This segment encompasses 18 miles of natural sandy beaches with
residential communities intermittently developed along the shoreline. The southwestern end,
San Luis Pass, marks the boundary of the Galveston coastline, and serves as a sediment sink.

The following are the individual projects within the Galveston region. Each has its
own problems which, by the will of the public, need to be solved. These problems will be

investigated and a solution will be given, along with options, in order to stabilize the
shoreline.
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SHORELINE EROSION ALONG BOLIVAR PENINSULA

There are three problem areas along Bolivar Peninsula, the shoreline between High
Island and Gilchrist, Rollover Pass, and the road at the ferry landing. Problems at Rollover
Pass and vicinity are complex and will be treated separately in the next section.

SHORELINE BETWEEN HIGH ISLAND AND GILCHRIST

THE PROBLEM AND ANALYSIS: The beach between High Island and Gilchrist
is narrow. The waterline is close and parallel to State Highway 87. During severe storms
this stretch of highway becomes inundated becoming vulnerable to washing out. The narrow
beachfront and closing-in waterline is not an isolated phenomenon, a typical erosional scene
is found along the shoreline between Sabine Pass and High Island. Some stretches of
Highway 87 is closed to traffic along this section.

THE OBJECTIVE AND SOLUTION: The single objective is to stop shoreline
erosion. Since the problem is not isolated, it must be solved as a part of the bigger problem
area from High Island to Sabine Pass.

ROAD AT FERRY LANDING.

THE PROBLEM AND ANALYSIS: The shoreline erosion immediately after the
ferry landing piers on Bolivar Peninsula threatens the integrity of the ferry landing road.
The possible cause of the problem may be due to tidal currents interacting with the seawall,
in place at Fort Travis, causing flanking erosion. Naturalists have suggested making the
shallow water regions between the ferry landing and north jetty a bird sanctuary.

OBJECTIVES: Stop the advancement of flanking at the ferry road location without
interfering with the shallow water bird sanctuary.

OPTIONS FOR ATTAINING OBJECTIVES: There are two ways to protect the
ferry landing road; use of soft approach and hard structure. In this case the hard structures
are preferred over the popular trend of soft approaches for the following reasons.

The softer approach is to fill in the eroded area (approximately 25 acres in size)
periodically in cooperation with the annual dredging schedules of the ferry landing piers
which amounts to 200,000 cubic yard per year. The major drawback to this option is the
reduction of shailow bay area by filling-in with materials. State and federal agencies and
environmental groups have all expressed their concerns.

Armoring is another option. The placement of a seawall or rubble mound revetment
can be implemented. There are new designs of armoring units for absorbing and dissipating
wave energy. These designs are aimed to replacing the vertical bulkhead/seawall in sheltered
areas, which may be worth looking into. This type of armoring will be compatible with the
Fort Travis shoreline and does not interfere with the natural bird sanctuary.



A groin system with proper design of length and spacing can also serve the function
of stabilizing the shoreline without reducing the shallow water bay bottom area.

A detached small breakwater segment parallel to the waterline to encourage
accretion in the eroding area through natural processes is another option can be worked out.

Finally, the use of the concept of a "feeder beach” could solve both the eroding
shoreline problem at the ferry landing road and the silting problem at the ferry landing piers.
This may be done by locating a feeder beach site on which the dredging material from the
ferry landing piers may be placed and these materials are then distributed by waves and
tidal current to the eroding area along the ferry landing road.

ROLLOVER PASS

Rollover Pass was originally constructed by the U.S. Army Corps of Engineers in an
effort to create a marine nursery ground in unproductive waters of Galveston East Bay.
Ever since the man made cut was open, middie 1950’s, excessive erosion has occurred on
the downdrift and updrift sides of the cut. Rollover Bay is choked with massive sediment
deteriorating the water quality. A comprehensive plan using an integrated system approach
was proposed by Wang in "Preliminary Designs of Improvements at Rollover Pass and Vicinity,
Bolivar Peninsula, Texas" [3].
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GALVESTON SEAWALL AND GROIN FIELD.

Construction of the Galveston Seawall started in 1902 and now extends 10 miles. The
groin field was constructed between 1936 and 1939 with the final configuration completed
during 1968-70. The groin field occupies a seawall segment approximately 4.5 miles long.
The main purpose of the seawall is for protection of the uplands behind it. The construction
of the groin field is for stabilizing the shoreline by impeding littoral sand movement for
protection of the seawall foundation. Both structures serve their intended purposes well.
In the mean time, however, the degradation of beach in front of the seawall occurs. Today
there is no appreciable recreational beach in front of the seawall.

At present, the shoreline along the seawall appears stable, although waves directly
pounding at the seawall are observed during rough weather. The integrity and safety of the
existing seawall structure must be calculated since the investment of the structure, property,
and life behind it is great. This cannot be taken lightly. Suppose a hurricane with the
strength of "Hugo" directly hits Galveston Island. This hurricane may produce storm surges
in excess of 20 feet with waves of 16 feet in height directly pounding at the seawall, causing
scour of the structure toe. The ability and current conditions of the concrete slab and riprap
aprons at the structure toe to withstand this scouring power is of interests to coastal
engineers.

OBJECTIVES: The primary objective is to restore the beach in front of the
Galveston Seawall. A secondary objective is to provide an extra measure of safety and
integrity for the seawall under extreme conditions.

OPTIONS FOR ATTAINING OBJECTIVES: Beach nourishment js the most
popular shoreline restoration and protection method in the United States. It has been
widely adopted along the Pacific, Atlantic, and Gulf of Mexico shorelines. This method
allows the designer to provide desired beach width, berm elevation, and beach
slope. The results are immediate and impressive. Since the objective is to restore a beach
along the seawall for recreational purposes, beach nourishment is the only method that can
deliver prescribed beachfront dimensions quickly.

The general technical information on the planning and design details regarding a
beach nourishment project may be found in the previous progress report. The following is
site specific information that the engineer should take into account in addition to the design
considerations given previously. This information is by no means exhaustive.

* Assume the project length will cover the full length of Galveston Seawall. The end
conditions of the project area wili dictate the behavior and movement of new
sand used in the beach nourishment project.

* The continued growth of Stewart Beach, East Beach, and the Big Reef, along with
the siltation of San Luis Pass and Galveston West Bay are observable. These
phenomena suggests that there is no strong predominant littoral transport
direction along the Galveston shoreline. The magnitude and direction of the
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longshore currents in Galveston coastal waters suggests that the direction of
longshore sediment transport is reversible.

* After beach restoration is completed, it is expected that Stewart Beach, East
Beach, and the Big Reef will continue to grow at a faster rate while the
erosion rate along Galveston’s west beaches will be slowed.

#

The Galveston Bay South Jetty and the ship channel at the northeast end of the

proposed project area form a discontinuity of littoral transport. While the
— boundary condition at southwest end of the project area allows the littoral
material to move with little obstruction.

#

- Valuable lessons have been learned from the pilot (mini) beach nourishment
project that took place in front of the San Luis Hotel during the Spring of
1985. Sand was trucked in from the east end of the island and dumped in

- front of the seawall between the groins. This pilot project provided clues on
design berm elevation, design slope, overfill factor, erosion modes and rates,
and the interaction between groins and the new sand. Unfortunately, the
project was not well planned nor monitored to yield accurate scientific data
for engineering planning and design purposes.

Data from the monitoring of the pilot project follows [4).

The monitoring period was 17 months

The native beach grain size ranged from 0.10 to 0.42mm

The borrowed sediment grain size ranged from 0.08 to 0.15 mm

The borrowed volume was 11,460 cubic meters

The shoreline retreated 52 meters in 17 months

16% of filling material was lost in 17 months

Losses of beach material were due to: (i) movement to offshore, (ii) end
losses, (iif) profile adjustment, and (iv) eolian transport.

* The end losses at groins which confined the dumped nourished sand indicated that
the design berm elevation should not be much higher than the storm berm
elevation in order to reduce the unwanted losses.

* The eolian transport is significant in the pilot project. If the width of newly
nourished beach is to include a parking strip along the seawall base, the eolian
transport must be carefully considered.

* The monitoring program indicated a 52 meters of shoreline retreat in 17 months.
This high rate of shoreline retreat needs to be reduced. Further study of
options for reducing the shoreline retreat rate is highly recommended.

10



A groin field alone may not be able to attain the primary objective since a groin field
is already in place over the middle 4.5 miles of the Galveston Seawall. The existing groin
system has variable lengths and spacing between individual elements. If a new groin field
Is chosen for trapping longshore drift and building a beach, the groin cross-section, groin
length, and spacing must be checked and re-calculated,

On the nontechnical aspect, to many individuals, a groin field is not eye pleasing due
to the crescent shape and segmentation of the beach.

Among the established methods of shore protection, the offshore breakwater is the
one that could be used to protect as well as widen a beach, Projects that employ an
offshore breakwater can be found on both the Pacific and Atlantic coasts. The planning and
design criteria are given in the previous progress report. Site specific information pertaining
to the project area are similar to those eluded earlier, namely, littoral sediment transport
characteristics and boundary conditions.

The south jetty cuts off the sediment supply to this region, the littoral transport in
front of the seawall is cne way from west beach to the South Jetty. The littoral movement
in the reverse (southwest) direction carries little material since the groin field is empty.
Installation of offshore breakwater can slow down this mainly one way traffic of sediment
movement. This would allow the littoral sediment to deposit on the beach in front of the
seawall, and to reduce the growth rate of the Big Reef.

Other nontechnical matters equally important in the processes of choosing offshore
breakwater as a shoreline protection method are: (i) general public perception of soft versus
hard structures and (ii) boating and recreational concerns, although no persistent hazardous
situations have been reported in existing offshore breakwater locations.

The price of sand is soaring. The initial investment funds, subject to legislative vote
and public referendum, are large. The fast rate of shoreline retreat after nourishment is
reported by the mini pilot project at the San Luis Hotel. This provides an incentive to find
ways to keep nourished sand on beaches longer.

As to economic considerations, the groin field is already in front of the seawall, to
utilize these existing materials for protecting the nourished beach and seawall is natural. In
addition, the shoreline and the groin field in front of the seawall have been relatively stable
over the years. For these reasons one would logically consider the option of combining
beach nourishment with an updated groin field as a means of keeping the sand on the beach
longer. Although the beach in front of the seawall is fairly stable, it did not trap the sand
to form a beach there.

. Whether the combination of nourishment and breakwater will be chosen depends on
(i) economical analysis, (i) the tolerance of hard structure to the soft approach for shoreline

stabilization, and (iii) the offshore breakwater being less of an eyesore and not segmenting
the beach as a groin.
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Of the six major new technologies the dune restoration method does not apply for
this case. The beach drain system would not work due to the absence of beach to be
drained. Both the dredge material placement technique and the subbottom profile
manipulation method have inconclusive results. This leaves only the littoral drift
manipulation as a possibility.

The Galveston Bay south jetty cuts off sediment supply at the northeast end of the
project area. This renders a one way littoral transport direction toward the northeast. As
a result, East Beach and the Big Reef continue to grow and the southwestern portion of the
Pproject area experiences a deficiency of sand causing the west beaches to have an erosional
trend.

The littoral drift manipulation technique may be employed to slow down the one way
littoral transport in the project area, thus, stabilizing the beach in front of the seawall and
slowing down the erosion occurring on west beaches. The test project in Miami which
employs T-groin and heavy sand has a similar physical setting as Galveston. A close watch
on the progress of this test project may aid the decision process for selection of shore
protection methods for Galveston.

The choice of the plain beach nourishment method should comsider the re-
nourishment period. An updated groin field would perform better than the existing groin
field, although not by much, unless a compleiely different system aimed to contro] direction
of littoral drift is employed. The offshore detached breakwater has proven its characteristics
of protecting as well ag widening a beach, but since it is a hard structure, many consider it
an eyesore and/or safety hazard.

The combination of soft and hard structures has merit of keeping sand on beaches
longer. This choice should be determined by economical feasibility analysis.

The emerging new technologies are still in their infancy. It would not be good for the
first demonstration of these to be implemented in Galveston. This area has suffered and
needs proven projects to be employed. It should be encouraged to test some of the new
methods, elsewhere, and to initiate new methods of our own at a later date, This would be
a necessary condition to elevate the State of Texas to leading position in Coastal Zone
Management.

i2



o]
otlw |

Hemess jo Ucml/. !

yoesg 1sam
"33 00E | /

[ 1BeMBSS JO puU3 1SOM 1B UOo SOz Buldue| 4

13



WEST END OF GALVESTON SEAWAILL

The erosion at the west end of the Galveston seawall is a typical scene of hard
structures parallel to the shoreline. This erosion is known as flanking. During severe storms
State Highway 3005 will become inundated at the west end of the seawall. Since the
highway is so close to the water’s edge, citizens on the western portion of Galveston Island
fear that they may be isolated from the city if the road is washed out at end of seawall.

OBJECTIVE AND SOLUTION: The single objective for this problem area is to
stop the flanking at the west end of the seawall. There are a few options available described
by the following.

A soft approach to the problem is beach nourishment of the eroded area and
prevention of flooding by re-establishing a dune line. Periodic renourishment with high
frequency would be anticipated for this method.

A more permanent solution with infrequent and minimum maintenance is to use an
offshore detached breakwater. With proper design of top elevation, permeability, length of
structure, and distance offshore, a smooth shoreline which would bridge the seawall and
natural beach is achievable. Similar situations are found in Santa Monica and Channel
Island shorelines in California. Records of the shoreline evolution at these two Iocations are
shown on the next two pages. These pictures provide a clearer view on the offshore
detached breakwaters work.

Other options include a formation of a transition shoreline bridging the seawall and

natural beach. This transition may consist of a series of groins with reduced Iengths
stretching out towards the southwest from end of seawall.

14



Janta Monica Offshore

Detached Breakwater

Breakwater
1934
Shoreiine 1975
Beach 1983

Type: Rubble mound
Length: 2000 ft.
Top Elevation: 10 ft. above MLLY
Distance Offshore: 2000 ft.

In 1934, when the breakwater was constructed, there was
present. In the 1960’

15

insignificant beachfront
s beach width increased to 800 feet wide. Due to lack of maintenance,
the breakwater has slumped over the years. In 1983 the breakwater’s top elevation was 6
ft. below MLLW, allowing for an increase in wave energy. This increase has since reached
an equilibrium state, providing a smooth and stable beachface.



Channel Islands s California

The above two figures are acrial photographs of Channel Island, California. The top
picture, taken in 1965, shows the eroded beach behind the breakwater. The lower picture,
taken in the 1980’s, shows the formation of a tombolo in the lee of the breakwater, The
breakwater information follows:

Type: Rubble mound
Top Elevation: 14 fi above MLLW
Length: 2300 fi
Location: 30 ft. bottom coniowr

The Santa Monica and Channel Island breakwaters indicate the possibility of
designing an offshore detached breakwater that allows just enough energy to leak in its lee
so that a smooth and stable shoreline is produced.



GALVESTON WEST BEACH

The major problem facing Galveston west beach communities is the retreat of
shoreline causing flooding of property during storms. The narrowing of the beach face is
also a concern. The west beach problems are categorized: failure of beach accretion,
presence of low lying areas, and little protection from storm surge. These three problems
will be discussed, along with possible solutions, while keeping in mind the interrelationships
of each.

The Galveston south jetty and empty groin field along the seawall provides no
sediment supply to the west beach region. Also, the shoaling of San Luis Pass and
Galveston west bay indicates a sediment sink providing no sediment. These two boundary
conditions set the general erosional trend for the west beach. The west beach of Galveston
Island has no appreciable accretion. Large volume of littoral material bypasses the
beachfront, continuing downcoast towards San Lujs Pass (see San Luis Pass). This has
caused numerous problems along the coastline which will be discussed later. Failure of West
Beach to build itself, through accretion, has taken away the protective buffer zone that is
needed during storm episodes. The Shore Protection Manual [5] states that a beachfront
buffer zone is one of the best defenses against coastal property loss.

The relationship of upcoast structures, jetties, groins, and seawall, with littoral
transport needs to be established so that when these are solved an accretion process can be
started at West Beach. While the city has a seawall, the west end is left unprotected from
storm surges.

OBJECTIVES: The objectives are to Stop coastal land loss, prevent flooding of
uplands, and widen the beach face for recreational use.

OPTIONS FOR ATTAINING OBJECTIVES: Use of beach nourishment with dune
restoration. An initial beach restoration project is needed to establish a sound shoreline,
However, beach nourishment alone can not stop flooding of upland and coastal land losses,
The sea level rises during a hurricane, the nourished beach will be submerged under the
stormy sea surface. The storm sea level allows the wave to attack higher coastal land and
is one of the major causes for land loss, flooding, and property damage. The proper
remedial method is to build the duneline before a storm attack. During a storm, the dune
line takes the brunt assault of storm and absorbs the destructive energy in order to save the
land and property behind it. After the storm, the duneline is quickly restored ready for the
next storm. A cost effective with minimal environmental impact method for dune restoration
Is proposed by Wang called Nasure Assisted Dune Restoration (NADR) [6]. The raising of
land areas by dune restoration, and the implementation of a buffer zone through beach
nourishment will stabilize the shoreline and reduce the storm surge damage on coastal
property and land.
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SAN LUIS PASS

The recent trend occurring along the western extreme of Galveston Island, San Luis
Pass, is that of unwanted massive accretion and erosion along the Pass. These in turn have
created the re-alinement of the channel which has skewed toward the northwest direction.
It is shown on the San Luis Pass map.

It is observable, the bridge which spans the inlet has a beachfront below; the channel
has become narrower and deeper. A stronger tidal current is thus produced and it
undermines the bridge piers and erode the shoreline along Mud Island.

The nearby Galveston West Bay area have been filling with sand, circulation of bay
waters have been interrupted and the healthiness of bay related businesses have suffered.
Solutions to the massive deposit of littoral materials need to be found.

OBJECTIVE: The muitiple objectives should include:
* Stabilize the skewed channel which runs through the Pass.

* Revive the smothered bays by restoring the flashing and circulation of the inlet-bay
system at San Luis pass.

* Control the sediment movement along the shoreline to reduce the rapid siitation
of the inlet-bay areas and the erosional trend at the Gulf shore near the Pass,

APPROACHES TOWARD ATTAINING OBJECTIVES: The San Luis Pass serves
as a vital link which connects Galveston West Bay, Bastrop Bay, Christmas Bay and
Chocolate Bay. The circulation and flashing pattern of this inlet-bay system is directly
related to the well being of the ecosystem in that region. Therefore, a comprehensive
system approach toward a solation is recommended. A report similar to the study of
Rollover Pass and vicinity is called for [3]. The study should include but not limited to the
following,

* Effects of upcoast and downcoast characteristics on the inlet-bay system.

* Impact of man made shoreline protection measures on the inlet-bay system.

* If sand removal from the inlet-bay system is necessary for revive the choked
system, then, this removal should be taken into account for replenishment

supplies for beach nourishment projects along the seawall and Galveston west
beach.

19



TEXAS CITY DIKE

The Texas City dike opens to a fetch length of approximately 30 miles in the north
northeast direction. A northeaster with a wind speed of 50 miles per hour blowing for 3
hours could produce waves in excess of 5 feet high. These waves break against the dike may
cause scour at the structure toe as well as dislodgment of armoring units. It seems prudent
to send divers to inspect the foundation before any preliminary solutions can be formulated.
Once the nature of damages is known, maintenance and repair procedures can then be
suggested.

The shoreline between the Dollar point and Tide Gate has the same orientation as
the Texas City Dike, therefore it subjects to similar wave actions. Shoreline condition there
may need more attention than the Texas City Dike.

GALVESTON BAY SHORELINE EROSION

The major problems facing the shorelines of Galveston Bay is erosion in shallow
waters.

SOLUTIONS: Solutions to shoreline erosion in Galveston Bay consists of different
employments of material to dampen waves. Vegetation is a natural dampener. As a wave
approaches shallow water areas with vegetation (usually grasses) it dissipates energy.
Another type of dampening can be employed by man-made materials. The use of man-
made materials would serve better than vegetation in that the energy can be calculated and
dampening can be implemented to varying degrees. The use of structures with specific
shapes and characteristics can be refined to control the energy that waves will posses.

CONCLUSIONS

The problem area on the shoreline of Galveston County are identified. Analyses of
the problem areas are done in the light of the physical environment and littoral
characteristics of Galveston coast line. Optional methods for protecting the shoreline in
each problem area are suggested. The selection process for a protection method in a
problem area begins with the economic analysis. Data acquisition is expensive and time
consuming. At the planning and preliminary design stages, it is adequate for engineers to
use available historical data. For long term considerations, a plan to collect and establish
a data base for Texas Coastal Zone Management and Galveston County is very much
needed. The final decision should be weighed with technical merit, environmental concerns
and economical soundness.
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PROPOSAL FOR IMPROVEMENTS TO ROLLOVER PASS
BOLIVAR PENINSULA, TEXAS

Darrel K. Pelley’

Based on an Initial Study Performed in December, 1989 by:

Dr. Y.H. Wang, PhD Michael E. Duncan

Miles F. Gathright William J. Hoffman

Nicholas G. Kyprios Darrel K. Pelley

Laura .. Robinson Mark L. Sales

Michael S. Vickers Jung Ho Yoon
INTRODUCTION

During the fall semester of 1989, a study was performed by a group of students from
the Maritime Systems Engineering department of Texas A&M University at Galveston in
an attempt to determine causes and solutions for. the erosion problem at Rollover Pass,
along the upper Texas Coast. This study was inspired and supported by the citizens of the
Bolivar Peninsula, Mr. Eddie Barr, Galveston County Commissioner, Mr. Pat Hallisey,
director of the Galveston County Beach Park Board, and Dz. Y.H. Wang, Professor of
Engineering at the university.

This report will attempt to summarize the findings and suggestions of the study and
outline the proposed suggestions made for improvements to be made in the area.

* Naval Architect, Waller Marine, 15311 Vantage Pkwy, Suite 250, Houston, Texas 77032
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PROBILEM DISCUSSION

The Rollover fish pass was initially opened in 1954-1955 by dredging a small channel
measuring 80 feet wide and 8 feet across through a narrow section of the Bolivar peninsula
where the maximum land elevation did not exceed 5 feet above sea level. Instability soon
caused the channel to scour to a width of 500 feet wide at the seaward mouth, with water
depths of 30 feet in some locations (Ref.1: p.429). In an effort to maintain the structural
integrity of the Texas highway 87 bridge crossing the pass, the channel was closed by driving
a line of steel sheet piles across its width on the seaward side of the bridge. The pass
remained closed for the installation of steel sheet piles along both sides of the pass and was
again reopened in 1959-1960. The sheet piles blocking the channel were driven down to a
depth of approximately 5 feet below mean sea level (MSL) (Ref.1: p.429) and form a
trapezoidal weir to seaward of the bridge and intended to protect the bridge foundations.
In the years since the reopening of the pass, accelerated erosion has threatened the property
of residents, and highway 87, several sections of which have already been closed between
High Island and Port Arthur, Texas.

STUDY JUSTIFICATION

Since the reopening of the fish pass, erosion rates along the gulf coast in that region
vary considerably. According to the U.S. Army Corps of Engineers (USACOE), the average
annual beach loss in the vicinity is 14 to 16 feet. A comparison of USACOE data and
numerous other studies is shown in Table I. Analysis of the data reveals the erosion rates
for the southwest side of the pass exceed those for the northeast side by about 2 feet per
year on average. The table data is based on a linear distance of 6,900 feet to either side of
the pass. The 1984 study conducted by the USACOE concluded the annual quantity of sand
lost on the down drift measured area to excess beach erosion was approximately 9000 cubic
yards. Additionally, it can be noted that USACOE estimated erosion rates since the opening
of the pass have exceeded the pre-pass erosion rates by 3 to 12 feet annually.

In additjon to determining how much sand is lpst in the area annually, it is necessary
to investigate the final destination of displaced littoral material. Visual inspection of the bay
area adjacent to the pass on Friday, 20 October 1989 during the ebb tide showed a large
percentage of the bay bottom completely exposed. Tidal data for the same day provided
by the U.S. Department of Commerce (USDOC Chart 11331-SC) shows a low tide of 0.0
feet above MLLW at 2:39 pm. Evidently, severe sedimentation has occurred in Rollover bay
over the past three decades due primarily to the flood dominant characteristics of the inlet.
Additionally, it was noted by the design team that maintenance dredging rates for the Gulf
Intracoastal Waterway (GIWW) in the area have increased since 1959-1960 when the pass
was reopened. The erosion loss data, GIWW maintenance rates, and visual inspection
results Jed directly to a hypothesis that the littoral material disappearing from the beaches
along the northeast side of the pass were being deposited in the adjacent bay, while scouring
effects on the southwest side of the pass were causing materials to be moved along the coast
and redeposited on the east side of the Galveston-Houston entrance.
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GALVESTON BAY CLIMATOLOGY

The climate characteristics for the Galveston Bay system including Rollover pass are
compiled below in tabular form and are based on statistical information gathered by the
design team during the initial phase of the study in December, 1989. The parameters used
in the design processes are directly related to the information below:

ANNUAIL RAINFALL

The Texas Gulf Coast climate is generally characterized by long, hot summers and
relatively short, mild winters. Annual rainfall for the region averages approximately 45
inches. The recorded annual rainfall has a direct effect on the salinity regimes in the East
bay system. The east and Rollover bays are fed by tributaries, including the Trinity river and
the east bay bayou. The occurrence of long, dry periods corresponds to a slight increase in
baseline salinity due to the inability of salt crystals to be evaporated.

WIND CHARACTERISTICS

Wind conditions in the western Gulf of Mexico are characterized by wind velocities
of 8 to 15 miles per hour from the south-southeast for more than 60 percent of the year.
As a result of these predominant conditions, alongshore littoral transport is generally from
east to west. Each year, 15 to 20 fast moving polar fronts pass through the area bringing
northerly winds at velocities of up to 50 miles per hour. The period preceding the passage
of a front brings strong southerly winds, generating stronger than usual wave activity in the
area.

WAVE PROPERTIES

According to the U.S. Army Corps of Engineers (1984), wave heights in the area
exceed 4.5 feet only 1 to 3 percent of the time. Wave heights of 2 feet or less occur 25 1o
50 percent of the time. Wave conditions in the region can therefore be described as
relatively calm. '

STORM ACTIVITY

During the period from 1900 to 1984, twelve hurricanes made landfall within 40 miles
of Rollover pass. The greatest surge height was recorded in 1961 during hurricane Carla,
which came ashore 150 miles southwest of Rollover pass (USACOE 1984). On average,
surges greater than 5 feet have occurred in the locale every 2 to 3 years. This erratic storm
activity can result in significant beach profile changes.
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PROPOSED SOLUTION

It was decided as a direct result of the preliminary research conducted by the group
that the solution would consist of three (3) major phases; initial beach nourishment, design
and construction of a jetty system at the pass to interrupt the littoral flow of material down
the coast, and secondly, implementation of a sand bypass plan to periodically replenish the
beaches on the down-drift side of the pass.

BEACH NOURISHMENT

Because of the badly deteriorated beach profile, it was decided that a short term
alleviation of the local erosion problem had to be found in order to build the permanent
structures and allow the long term program to go into effect. This first phase is to be
accomplished in the form of beach nourishment. Simply stated, the beaches would be
nourished with borrowed sand, stabilizing the beach profile during the construction phase.
In order to implement such a plan, it became necessary to find a suitable borrow site, where
the grain size closely matched the assumed grain size missing from the beaches around the
pass. On October 20, 1989, members of the design team made core samples from the
exposed bay bottom at several locations in the bay during slack water between the ebb and
flood tides. After sorting the materials according to grain size. it became apparent that a
substantial amount of the material sampled in the bay was compatible to the material
missing from the beaches. The results of the grain analysis seemed to provide some
evidence that the flood dominant characteristics of the pass were causing littoral material
to be drawn into the bay during the flood tidal cycles, choking the bay bottom. The amount
of material required for the initial nourishment was calculated based on the foliowing
parameters:

1. The 4 mile stretch of nourished beach would have a berm at least 100 feet
wide at the completion of the operation.

2. The nourishment would establish a.dune line at least 7 feet high running
continuously along the entire stretch of beach.

It was decided for cost effectiveness to use a shoreside dragline dredging system to
remove 188,000 cubic yards of sand from the bay bottom to the gulf beaches over a stretch
extending two (2) miles to either side of the pass. The dredged bay bottom elevation at -3
feet would encourage the formation of wetlands around the fringes of the bay. As the
operation moved away from the shore, the dragline would be moved on to a barge and
floated into the bay to continue recovery. The recovered material is offloaded to a storage
area for drying before being moved by dump trucks to the beach. An alternative method
would be to move the material to the beach directly from the barge via a pumping system,
although it is assumed that the pumping method would be more costly. The sand is placed
on the beach at the feeder beach locations discussed in the by-pass section of the 1989 study
and summarized in the by-pass section of this report.
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Finally, an attempt to stabilize the dune line would be made through planting
naturally occurring dune grasses and allowing them to take over the dune line and effectively
anchor the sand in place. Types to be used include Panic Beach Grass (Panicum amarum),
and sea oats (Uniola paniculata).

JETTY DESIGN AND CONSTRUCTION

The jetty design team was required to select a jetty size and type consistent with
environmental conditions prevalent along the gulf coast and a considerable design lifetime.
Several types of common jetties were investigated before the final decision was made. Sheet
pile jetties were considered for their low initial investment required for construction, and
their relative ease of construction. Indeed, sheet pile jetties were constructed along the
Galveston Island coast during the 1930’s; however, within thirty years, the outer portions
were severely damaged and wasted due to corrosion. This same condition can be observed
today at Rollover pass where the sheet piles have deteriorated due over the course of time.
A concrete sheet pile jetty, a wall with a concrete cap, was considered for its strength and
impermeability to corrosion. Such a structure would have to be pre-stressed and cast in
place. Additionally, the salt water environment eliminates the use of steel reinforcement.
As a result, the structure would be massive and very expensive to construct. Repairs to
damaged sections would be costly and difficult to perform.

The jetty type finally selected is the rubble mound jetty with a granite cover layer,
very common along the texas gulf coast, especially along the Galveston seawall. The rubble
mound jetty is constructed with a core of quarry stone, finer material being added later to
fill the cavities between the large stones and rendering the core sand-tight. The structure
1s protected by a layer of armor stone. The armor stone, usually granite or concrete must
be heavy enough to remain stable against prevalent worst case conditions. Although rubble
mound jetties are costly and time consuming to construct, they have a series of advantages
not found with the other types:

1 The rubble mound jetty has a normal design lifespan of 100 years based on
design environmental criteria.

2. " The structure will act as a barrier to prevent the passage of littoral material.

3. Rubble mound jetties are relatively safe against foundation failure and
excessive settling.

4. Excessive scour at the toe section of the jetty will be prevented.
5. The required materials are readily available in central Texas.
Following the study of the littoral transport system for the region, it became necessary

to determine the required length of the structures. By projecting beyond the breaker zone,
it is estimated that 80 to 90 percent of the littoral transport can be blocked. These
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parameters relate to a jetty length of approximately 800 feet normal to the beach line at the
pass. The extreme outer portions of the jetties protrude beyond the 6 foot depth contour
offshore of the pass. In order to prevent excessive scour and foundation failure, it was
determined through a survey of the park to space the jetties 550 feet apart, with the
shoreside end of each jetty resting at the east and west boundaries of the park respectively.
Such a spacing allows the natural wave action to keep the channel open without
undermining the jetty foundations,

The design environmental criteria selection is based on collected wave data for the
region. The design wave height used is the average of the highest 1/3 of all waves
encountered. The calculated value was determined tc be 8.9 feet.

The U.S. Army Corps of Engineers Design of Breakwaters and Jetties was used to

determine the stability coefficient for the structures. The designers selected a value of 2.0
in order to obtain the most conservative results from the stability equation for the unit
weight of the cover layer. With a required unit weight of 160 pounds/cu. foot, stones with
weights between 4 and 6 long tons each were selected. A cross section of the proposed
structure can be found attached herein. The jetty design posses the following characteristics,
best summarized in tabular form:

1. The crest elevation will be 6 feet above MLW from the beach to the end of
the jetty. The crest elevation is limited by the status of the park as a
hurricane washover region. The 6 foot elevation will also allow easy access by
recreational fishermen at the park.

2. The minimum thickness for the armor layer is to be 3.7 feet, as determined
from the USACOE Shore Protection Manual. Parameters include a unit
weight of 8640 pounds per stone, one (1) layer.

3. Since the depth of the structure "is less than 1.5 times the design wave height"
[USACOE, SPM], the cover layer must extend all the way to the bottom and
onto the bedding layer.

4, A toe berm will be constructed at the ends of the cover layer to improve
stability of the cover layer against breaking waves.

The resultant jetty system will tend to cause some scouring directly adjacent to the
pass to the west. The implementation of a by-pass system as described below will attempt
to alleviate the scour effect while nourishing the beaches along the Bolivar peninsula
between Rollover pass and the Galveston entrance.,
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SAND BYPASS SYSTEM

Very simply stated, sand by-passing is the periodic relocation of sand from a natural
collection area to a sand depleted area, usually by-passing a cut or inlet. This technology
is not new and has been used with success along the Florida coastline. For the purposes of
this study, it was decided to investigate the two most common forms of sand-bypass systems
and make a decision as to which system suited the particular application. The first option
considered was the fixed by-pass system, by which littoral material is moved via permanently
installed machinery at the site, including pumps, pipelines and associated power generation
equipment. The second option was the mobile or portable by-pass system, by which sand
is moved manually, using earth moving equipment rented or leased only for the duration of
operations annually. Following is a brief description of each followed by a summary of
characteristics used in the design process.

FIXED BYPASS SYSTEM

As mentioned above, the fixed system employs permanent machinery on location to
periodically move littoral material from the deposit zone to the depleted area. A
preliminary step to the approach is a foundation pedestal which must be engineered into the
rubble mound jetty and sufficiently strong to stand up to the elements over the duration of
its useful life span. In this case, the pump house would be iocated on the eastern side of
the pass, approximately one half the distance from the extreme offshore end and the beach
line. Within the house would be installed the bypass machinery, pumps, powerpacks and
other associated equipment. During operation, a boom fitted with a suction hose would be
extended from the pumphouse flat over the deposit area. The material would be pumped
through the hose and pump to a pipeline running parallel to the dune line down the beach
to the west of the pass. The sand-water slurry would be deposited at or near the dune line
with the water and small suspended particles returning to the guif while the larger grains
remained on the beach. This system has been used and proven successful along the Florida
coast, where beach maintenance is important to the tourist industry. However, such a
system would have a price tag of approximately $2,300,000.00 added to the initial investment
of $4,000,000 for the jetty system. Also considered are the maintenance to permanently
installed machinery in a salt environment, manning requirements, and upkeep during
dormant periods.

MOBILE SAND BYPASS SYSTEMS

The other alternative considered is the mobile or portable by-pass concept. The
major components of such a plan involve the use of rented or leased equipment, paid for
and maintained only for those periods during which operations commence. A dragline, or
bucket loader will be used to scoop littoral material from the deposit area on the east side
of the pass. The sand is to be loaded into dump trucks and transported down the beach to
a point approximately 700 feet west of the pass. A bulldozer will spread the material out
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into a feeder beach jutting out from the coast. By placing the feeder beach down current
from the pass, the sheltering effect of the pass is minimized and the sand is allowed to be
transported down the coast via the naturally occurring littoral transport system in motion
along the coast. As can be seen from the cost analysis presented in the following section,
the actual annual cost for the operation would be approximately $200,000. The simplicity
of the mobile by-pass method allows the plan to be put into effect immediately after the
completion of the jetty, as opposed to the time required for the construction of an elaborate
fixed pumping system

COST BENEFIT ANALYSIS

The major obstacle to overcome with the solution proposed by the design team was
the cost. Preliminary budget estimates predicted that the initial investment for the jetty
construction would be near four (4) million dollars. Note that the budget estimate is based
on U.S. dollars effective fourth quarter, 1989. A simple cost breakdown for the construction
phase of the project follows below:

Phase 1, Beach Nourishment

1. Dredging and transportaticn of recovered material,
based on the total cu. yardage to be moved $2,250,000
2. Earth moving equipment $ 80,000
3. Barge and Handling Vessel (Lease) $ 72,000
4. Insurance and Overhead $ 360,000
5. Contingencies and Overhead $ 600,000
6. Vegetation $ 70,000
TOTAL, Phase 1 $3,432,300

Phase II, Jetty Construction

1. Cover layer stone, 44,000 LT $1,100,000
2. Core stone, 22,000 LT $ 400,000
3. Blanket stone, 17,000 LT $ 309,000
4. Filler stone, 7,000 LT $ 136,000
5. Equipment and Labor $1,000,000
6. Engineering and Design $ 100,000
7. Contingencies $ 500,000
8. Project Management and Supervision § 300,000

Based on the predicted 100 year life span of the construction, the total investment
relates to a yearly cost of 38,000 to 40,000 dollars per year. Additionally, the maintenance
costs incurred for rubble mound jetties are minimal and would be realized primarily in the
case of storm damage repair. Since the costs outlined above are effective for the end of
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1989, actual construction costs, including staging, logistics and labor rates may be significantly
higher. However, through stabilization of the beach profile, and indirectly, the protection
of highway 87, the bay, and the adjacent Intracoastal Waterway, an increase in the tourism
industry to the area would be realized, along with increased property values and reduced
maintenance dredging in the GIWW along the north side of the bay.

Additionally there is a cost involved in the sand by-pass aspect of the project. The
cost involved in maintaining the beach profile is annual and does not decrease after a large
initial investment. Rather, the cost of by-passing trapped littoral material is "lost" in a sense,
meaning that the benefits realized through implementation are not financial. Below is a
projection of the annual cost for material by-pass operations based on U.S. dollars effective
fourth quarter, 1989:

RENTED EQUIPMENT:

1. Dragline $2.25/cu. yd. $146,250

2. Bulldozer $ 5,000
SHIPPING COSTS:

1. Dragline $ 2,000

2. Bulldozer $ 1,000
TOTAL.: $ 154,270
TOTAL INCLUDING 1.15% OVERHEAD $ 177,410

As can be seen, there is no required investment for equipment other than periodic
rentals when sediment builds up at the eastern side of the jetty system. Over a ten year
period from the completion of construction and the implementation of sand-bypass
technology at Rollover pass, the total expenditure would be nearly $10,000,000. Some
further study is required to determine the benefits as a function of predicted property values
at the end of the ten year period. At the time of the initial study, the low number of
permanent residents made benefits difficult to justify, however, the huge expenditure to
reconstruct highway 87 further inland or as an elevated roadway far outweighs the
investment outlined in this report.

ENVIRONMENTAL CONCERNS

With the completion of this project, there would be some effects on the local
environment. These are included in an itemized format and based on data collected during
the study. Statistical data has also been supplied by the U.S. Army Corps of Engineers,
Galveston, Texas.
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VOLUME CHANGE TO ROLLOVER BAY

Since the initial phase of the program requires the removal of material deposited in
the bay from the gulf, there will be a volumetric increase to the bay. The average high tide
water depth in the bay at present is between 0.5 and 1.0 feet. The dredging phase of the
operation is predicted to increase the average depth to three (3) feet. The removal of the
material will effectively triple the water volume in the bay, with the inflow composed of a
combination of high salinity water from the gulf and lesser saline water from the east bay.

SALINITY EFFECTS

As we know, the current salinity regime in the Galveston Bay system is the combined
result of tidal fluctuation and fresh water inflow from the rivers feeding into the bay.
Generally, the eastern sections of the bay have had a significantly lower average salinity than
the western portions. For the purposes of the study, a simple program was developed to
demonstrate a salinity rise in the rollover bay as a result of local dredging. The parameters
used in the run were:

1. Maximum tidal flow over a 25 hour period between 0.7 and 4.2 ft/sec. Flood
and ebb tidal values are not discerned, however; the 1972 report by Prather
and Sorenson indicated that the pass is a flood-dominant tidal inlet.

2. An average baseline salinity in the bay is assumed to be between 16.9 and 17.2
ppt. with fluctuations of less than 1 ppt. through the year 2045.

3. Gulf of Mexico baseline salinity of 28-29 ppt.

4, Post dredge bay depth of 3 feet on average.

5. Maximum tidal velocity of 6 fi/sec. during the peak of the flood tide.
6. A fixed volume for analysis, ie. a mﬁghﬁy calculated basin volume.

Results of the program indicated that a rise in salinity of 0.5 to 1.10 ppt. could occur
in the bay after dredging, depending of course on rainfall and fresh water inflow from local
rivers. Additionally, increased salt wedge penetration into the bay as a result of opening the
bay and pass would no doubt contribute to the salinity rise. Under the USACOE plan H50
for widening and deepening the Houston Ship Channel (1986), it was noted that the channel
forms a salt barrier between the east and west bays, indicating that the rise in salinity would
be local rather than widespread.
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BAY FLUSHING

Due to the shape of the bay and its short, direct connection with the gulf, it is
assumed that the bay does flush regularly, albeit slowly. The greater depth in the bay
combined with the flood deminant characteristics of the pass could conceivably reduce the
bay flushing time by up to 10 percent. At present there is a time lag of approximately 4
hours between the occurrences of high tide at the Galveston entrance and the bay side of
the pass. This is an indication that during the ebb tidal cycle, water is attempting to move
down the bay to the Galveston Entrance rather than exit through the pass. This condition
is likely a result of the choking of the bay with sediment.

CONCLUSIONS

Perhaps the simplest conclusion to be drawn from the data is that the proposed plan
would be a solution to the ercsion problem in the region around Rollover pass. The initial
beach nourishment would stabilize the beach profile for a length of time sufficient to
construct a jetty system around the cut. In addition to providing nourishment for the badly
depleted beaches, the dredging operation in the bay would provide an area for the
propagation of wetlands around the fringes of the bay. The new jetty system would interrupt
the littoral transport around the pass, trapping sediment in a deposit area on the east side
and directly adjacent to the pass. The vacuum effect, drawing large amounts of sediment
into the bay would be counteracted by the jetty system. Periodically, the trapped sand would
be collected from the deposit area and redistributed along the western side of the pass on
feeder beaches. The sand would be moved from the feeder beaches by the natural littoral
transport system and down the coast, emulating an uninterrupted littoral flow.

The cost of the operation presents a drawback to the operation, however; it should
be noted that the 1989 study did not turn up any low cost effective solutions to the problem.
It would seem that the team located the most cost effective method to counteract the
erosion problems along the upper Texas coast.
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DETACHED OFFSHORE BREAKWATERS FOR GALVESTON COUNTY

Alan D. Black and Mike Strech’

ABSTRACT: The Gulf Coast regions of Galveston County,
especially the west end of Galveston Island and the Bolivar
Peninsula, are prone to physical loss of land. One viable
solution to combat this erosion is the use of detached
offshore breakwaters. '

INTRODUCTION

As directed by Galveston County and the City of Galveston, Dannenbaum
Engineering Corporation (DEC) has investigated various coastal sites that may warrant some
measure to protect them from continued erosion. The focus of this discussion will center
on the areas which are not currently protected by structures. Though erosion is very evident
at the face of the Galveston seawall, erosion is occurring in many areas along the Gulf Coast
and Intracoastal Waterway. The Texas Department of Transportation’s 1990 aerial survey
of the shorelines have been compared to the results from previous U.S.G.S. maps and some
areas were found to exhibit significant erosion at many areas where no shore protection
structures exist. If these areas are not incorporated into the County’s comprehensive shore
protection program, storm force waves would continue to erode existing coastal features.

History shows that the storm force waves are the most significant to the shore line
changes that occur in Galveston County, though the daily wave actions also can not be
ignored. The recent surveys indicate that these ongoing shoreline changes will impact the
existing economic and environmental balance. The Galveston seawall serves as a good
example of the economic impacts that a shore protection system can create. Most large-

* Professional Engineers, Dannenbaum Engineering Corporation, 3100 West Alabama,
Houston, Texas 77098
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scale, tourisi-related projects rely on the protection of the seawall and are located
accordingly. Without this magnitude of protection, the investors might have been less
ambitious with their developments. Even with this seemingly effective protection structure,
we can see that the existing west end of the seawall could be the victim of these on-going
shoreline changes. When this seawall is compromised, the commercial establishments which
are protected by it are also at risk. As the seawall, subdivisions and roadways encroach
upon the beach, their disruption of the natural dune build-up processes speeds the beach
loss process that threatens the structures. Aerial surveys have shown the relevance of this
process at two, west-end Galveston Island subdivisions and also along F.M. 3005. Even the
intracoastal water way and its eco-systems are at risk as the Gulf wave actions widen existing
(or open new) breaches in the barrier island.

These future losses or changes are the subject of this study to identify sites which can
no longer be overlooked. The key to a workable protection system centers on identifying
sites that are at risk, prioritizing the mitigation steps, then implementing measures that will
result in protecting Galveston County’s beaches, land, resource and waterways. As the Flood
Emergency Mapping Agency (FEMA) develops legislation to influence coastal developments,
mitigation of these problems will serve as the only vehicle for protecting the real estate
market and attraction to this island community. A workable protection program would
significantly influence FEMA’s 10, 30 and 60 year erosion rate estimates which will directly
effect construction, insurability and attraction to this area.

HISTORY

These apparent shoreline changes have resulted from various mechanisms influencing
the land. Among these, storm wave energy is the most dramatic. Exhibit 1 illustrates the
storm surge experienced during Hurricane Carla, 7-12 September 1961, where high water
elevations were 8 to 15 feet above mean high water. The wave forces were created by
hurricane winds which range between 75 and 125 miles per hour at the eye of the storm.
This storm came close to setting a new record highest water level above mean high water
for Galveston which was set in August 1915 at 10.1 feet. Where sites are protected by
beaches and dune systems, the wave action erodes both as shown in Exhibit 2. The beach
can change dramatically during a single storm event by this wave action process. In addition
to the wave energy and its impact due to higher water levels, the direction also plays a
significant role in the shoreline changing processes. Wave direction can be influenced by
tidal changes, wind direction and physical, natural or man-made features. The Gulf Coast
is the most susceptible to the highest wind generated waves created by the unobstructed
fetch length typical of the open sea. The coast is continually influenced by wind and wave
directions which are not normal (perpendicular) to the shoreline. Prevailing condition causes
a longshore flow (along the beach) from east to west which carries sediments along with it
Depending on the position of a hurricane, this wind generated wave action can be much
more significant during the storm than this normal prevailing condition. This affect,
combined with higher surge tides, can erode beaches and dune systems to the point of
threatening commercial, public and private developments. Soils are typically classified as
fine sands and with very little marine habitat activity that would hold existing submerged
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features (contours, sand bars, etc.) in place during an extreme storm event. For this reason,
the unprotected shorelines are susceptible to the full storm wave energies limited only by
the force of the storm.

The Galveston seawall was constructed in 1904 to address the concerns felt after the
Hurricane of 1900 "which killed 6,000 people and destroyed 3,600 homes at the island city"
[Ref. 5, p.1]. Though this structure has shown good performance in various storms since the
seawall construction, the beach has continued to recede. The largest erosion of the seawall
beach occurred during the storm of 1915 followed by various cycles of erosion and accretion
which resulted in near total loss of the beach between 10th Street and 53rd Street by the
year 1934. At this point, a cooperative beach erosion control survey proposed the
construction of a groin system between 12th Street and 61st Street. Work continued through
1970 to improve and maintain the seawall and groin field protecting Galveston [Ref. 5, p.25].

Though these projects were essential to protect the city, little has been done to
maintain other parts of the island which have also yielded under the force of the major
storm events. The recent aerial survey highlights the history of the unprotected beach areas
and can be helpful for predicting the future progression of the erosion and accretion process.
From this aerial survey and additional field observations, DEC has identified the following
sites where new shore protection structures are proposed to be incorporated into the
County’s shore protection program.

LLOCATION DESCRIPTION

1. Bolivar Peninsula

Caplen/Crystal Beach Existing stable dune system occasional
beach at auto access points. plus/minus 100
ft. beach replenishment, dune enhancement,
and breakwaters

Fort Travis Ferry Landing Proposed beach replenishment and
breakwaters

2. Galveston Island

61st Street 1o Pocket Park 1 South end of existing exposed end of
seawall, lagoon, significant erosion potential,
pocket park structure nearly in front of dune
system, proposed beach replenishment,
modification to seawall, breakwaters, or
seagrass-like fabric

36



Spanish Grant to 13 Mile Road Proposedbeachreplenishment, breakwaters,

or fabric
Jamaica Beach to Indian Beach Proposed beachreplenishment, breakwaters,
- or fabric '
Sunbird Beach to San Luis Pass ~ Proposed beach replenishment, breakwater,
or fabric
3. Mainland
Bacliff/Kemah Ship channel dredging, proposed
breakwaters for wetland creation
PROTECTION OPTIONS

For each of the locations where these new shore protection structures are proposed,
the facilities will be constructed to complement beach and dune replenishment. The theme
of the proposed protection follows a general plan to build-up beach and dune systems to
serve as the primary barrier to the forces of a major storm event. The structure’s role would
complement the beach by reducing the affect of the daily erosion process (to hold the beach
in place) and to aid in the energy absorption of the storm wave forces.

To maintain the shoreline given the usual wave climate at a site, the structure would
need to limit the erosion effects resulting from longshore drift. This condition occurs at
absolute location under consideration and results from non-perpendicular wave direction
relative to the shore line. Driven by tidal changes and wind direction, the wave direction
may vary form day-to-day or season-to-season. The design of a protection structure must
ensure that the longshore drift energy is reduced at the shoreline to negate the associated
€rosive wave energies.

Storm events magnify this effect with stronger wave forces that approach according
to wind direction and magnitude. Since the Galveston area is subject to hurricanes, we can
expect the wave direction to vary as the rotational winds move with the storm.

When considering a solution for protecting a given shoreline, we know that there are
very few options that can provide consistent and reliable performance for all of nature’s
variables. Most of the sites under consideration also involve aesthetics since they involve
coastal beach fronts which support the tourist trade of the island city. Since these beaches
are subject to tourist activities, bulkheads and revetments would not be acceptable. This
leaves groins, jetties and breakwaters. Groins and jetties are long structures that project
seaward from the shoreline to attempt to trap littoral drift at the shoreline and create an
accretion area within its shadow. The existing groin field between 10th Street and 61st
Street has shown relatively good performance in front of the seawall, but these structures
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are not as favorable in swimming areas or where wave direction is close to perpendicular
to the shore. More perpendicular wave directions that may occur during a storm could
reach the beach without any energy loss due to a groin field. Jetties are more commonly
singular structures that protect a specific site usually at channel or tidal inlet where littoral
materials are detrimental. For this reason, jetties are not considered appropriate for
maintaining or protecting a recreational beach front.

Shore-connected breakwaters, as proposed at the seawall, combine the groin field
concept with additional energy dissipation at the seaward end by addition of breakwaters
(tees). The concept effectively relocates the littoral zone to the area beyond the ends of the
structures leaving a very controlled wave climate in the area between the shoreline and the
relocated littoral zone. Since the construction cost would be relatively high for establishing
a system of shore-connected breakwaters, DEC feels that these structures would not be
suitable at sites where groins are not already in place.

OFFSHORE BREAKWATERS

Offshore breakwaters appear to be the best solution for the task. They are designed
to protect as shoreline on the leeward side of this linear structure which is usually oriented
parallel to the shore. Offshore breakwaters have been constructed to protect harbors or
erodible shorelines, serve as littoral barrier-sediment traps, or a combined function.
Examples of some applications in the United States are included in Exhibit 3. This list is
not complete and overlooks Louisiana’s 43 breakwater installations protecting Highway 82
on that state’s Gulf coastline. Unlike jetties and groin fields, these structures affect
longshore transport a secondary condition resulting from their primary objective of reflecting
or refracting incident wave energies. The structures require less materials (cost) than the
shore-connected breakwater, but the engineer can design for similar results by forming a
tombolo behind the structure. If desired, natural accretion can result in growth of the
shoreline to the point where offshore breakwater becomes connected [Ref. Exhibit 4].
Tombolos usually disappear during a storm and then build-up again during normal
conditions. Though this tombolo affect maximizes the length of shoreline for recreational
uses, this may not be a preferred condition along the coastal shoreline on Galveston Island.
By allowing more wave energy past the offshore breakwater, tombolos can be prevented and
longshore transport can continue between the shoreline and structure. In each case, offshore
breakwater will perform the required daily and seasonal beach protection while also aiding
energy dissipation of storm waves approaching the shore from any direction.

The key to developing a system of offshore breakwaters centers around understanding
to site specific marine environment. If one understands the wave direction, significant wave
height and range or periods, tidal variations and existing erosive processes, offshore
breakwaters can create very predictable results. Exhibit 5 summarizes U.S. Army Corps of
Engineer’s recommended logic process for arriving to a design condition. As this logic
diagram shows, this is unique for each location. The process attempts to simplify the
historical and highly variable conditions at a given site down to one design condition. This
condition should approximate the most significant daily and seasonal wave climate which is
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expected to be erosive to the subject site. Extreme storm events are not included in this
assessient since the primary purpose for these structures is to protect or accrete the
beaches. Though these structures will aid in energy dissipation during a storm, the storm
surge will overtop the breakwater and the beaches will erode as a function of the remaining
energy. After the storm, one can expect the shoreline to return to a new equilibrium state
where beach naturally accrete to the lee of the offshore breakwater.

The primary application of this the DEC study proposes offshore breakwaters along
the Galveston Island coastal shoreline. Historical data is readily available and thorough from
the storm of 1900 to present. For the purpose of this study, DEC will focus on the littoral
drift from east to west that is considered to be the prevailing condition [Ref. 7, p. 12]. The
shoreline within the seawall groin fields is self-evident to the influence of this process. There
is evidence of littoral drift between each pair of groins where accretion occurs near the base
of each groin. The deposits are weighted toward the west side of each pocket and most of
the beach has eroded from the middle. This pronounced concave result could be reduced
through offshore breakwaters which could limit the longshore transport to a manageable
level and result in a much less pronounced concavity as illustrated in Exhibit 6. Though this
concept looks very good from the standpoint of long term beach protection, our current
understanding of the costs indicate that breakwaters in the groin field may not be as feasible
as expected. With the present-day estimated costs of $5,000 per lineal foot for rubble
breakwaters and $300 per lineal foot to replenish today’s beach to constant 300-foot width,
the initial cost for breakwaters would be substantially higher than for beaches. For example,
600 feet of breakwater structure with 1,500 foot space between existing groins, would be 6.7
times more expensive than beach replenishment. When compared to the needs at other
unprotected sites previously noted, this additional cost at the seawall scems unjustifiable.
Taking future beach replenishment costs into consideration (with 7% inflation), the cost of
breakwater structures would pay for an beach replenishment in 15 years, plus 50 percent
of a replenishment 30 years from now. For this reason, DEC is recommending beach
restoration within the seawall groinfield. Natural littoral transport and extreme storm events
will eventually erode the beach, but a less costly beach restoration program can maintain
satisfactory protection for the seawall and Galveston properties.

The expected benefits for offshore breakwaters apply more appropriately where sites
are not currently influenced by shore protection structures. As noted by earlier
presentations, offshore breakwaters could benefit the west end of the seawall where the
erosion process is much more active and threatening.  Similarly, public and private
developments could benefit from offshore breakwater applications. As we had noted from
the aerial photograph, these sites are influenced by their impact on the inherent obstruction’
of landside; natural dune build-up processes. The dunes will continue to erode in front of
these structures until the property is loosed or condemned. The low maintenance aspect of

offshore breakwaters can provide long term reliable protection for these relatively remote
beach and dune systems. ‘

Offshore breakwaters can be created in several ways. Though rubble mounds are

most common in the United States, similar effects have been accomplished by structures
consisting of cellular sheet-pile, rock-filled concrete caisson, timber crib, precast concrete
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units and floating concrete cellular designs [Ref. 1, p. 5-61]. The designs can reflect or
deflect all of the incident wave energy with more common solid structures or permeable
features can permit some wave energy through the structure. If a wide expanse of shoreline
is to be protected, multiple breakwaters can be spaced to accomplish the desired cuspate
spit or tombolo effect.

Two of these possibilities, non-permeable rubble mounds and permeable or no-
permeable, precast concrete units, are under consideration for Galveston County. Each of
these have advantages. Rubble mound breakwaters are permanent structures made from
quarry stone or concrete equivalents according to availability of materials. Once in place,
this structure has low maintenance cost as seen in the seawall groin field and may other
applications here in the United States. The U.S. Army corps of Engineers has studied this
type of structures and has published very detailed design guidelines. Initial installation would
be started by floating construction methods, then as the structure grows tc a suitable size,
construction could continue from the top. As recommended by the Corps, a plan would be
implemented where the breakwaters are constructed in phases. Careful attention would be
paid to the effects at the shoreline, and additional length or additional structures could be
added in response to the observations. Transportation and stock piling of material could be
accommodated by barge where wave climates permit or as appropriate at a given site.

The precast concrete unit breakwaters follow the same principal but have not been
as rigorously studied for long term applications. Two of these systems have been considered
for this study:

BEACH PRISMS (TM) - Permeable triangular units available in heights ranging from two
to six feet. The precast units are 6 to 8 inches thick and typically tied together into workable
10 foot long units (by post tension cables), then placed end-to-end. FEarliest know
installation showed good accretion in Queenstown, Maryland, 1986.

BEACHSAVER(R) - Manmade reef designed as elongated triangular units that are placed
and interlocked together on wide precast or monolithic foundations. The first application
was placed in 1984 on the Long Island south shore (New York). Additional installations
have been placed in New York and New Jersey.

These precast units are expected to provide similar performance when compared to
rubble structures, but the advantages center around the flexible applications for the
structures. Like rubble, the precast units could be transported, stock piled and constructed
by a floating operation. The same phasing concepts would apply where initial installations
could be surveyed for performance. There is an extra advantage of relative ease of
movement if the structure is not in the correct location or if the structure is needed at
another site. These structures are expected to be more cost effective than rubble structure,
though local suppliers may be limited. Both of these manufacturers provide products that

are designed for the marine environment and may be the best alternative for demonstration
project in the Galveston area.
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CONCLUSION

DEC is recommending that the Gulf Coast regions of Galveston County should be
the subject of an on-going maintenance program that mitigates the erosion processes that
are detrimental to the local economy. A phased approach should identify sites and
implement shore protection structures according to erosion rate, relative cost of expected
loss and availability of finds. Establishment of an order from most critical is necessary. We
have identified three areas where offshore breakwaters should be considered. These include
the west end of the Galveston seawall, the west end of Bolivar Peninsula between Fort
Travis and the ferry landing and two subdivisions on the west end of Galveston Island. We
can expect physical loss of land and property in the near future. If nothing is done, FEMA’s
work will stifle any additional development in these unstable areas. These offshore
breakwaters will effectively stabilize these area and preserve the land’s value and usefulness
for the future.
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Exhibit 2. Schematic diagram of storm wave attack on beach and dune.

_ [taken from Ref. 1, Figure 1-8, p. 1-12]

43



[29-G "d ‘g-g alqer “-1 "33y wouy usyey]

"S3101S PAILUMl BYF UL SUBIBMYRIUAG BUOYSII0 ‘E ILGLYX]

Jd7em MOT 18
Pa1d3uu0d ‘aojoqmoy
yjooms jo saY1ag

pamioy
9070qmo1 paidau
=U0duUN JO #a132§

pamioy o070quo)
PaI2BUUOIUG

passedd{q Aryed
~Tpoyaad 61 yoyym
paviojy oyoqumel adie

A11a03138787388 pYay
pue paceld TI14

poriad avaf-g
laa0 £TmoOTS papola
yoTym padeTd ITR4

sIuYTaI0YE
Buproquiteu jo
@guadxd e pamioj
3INn1ea] pidauucouf

OTGQIE0] JO uOYIDIU
(wuo3 pajusasad sey
Buy3paip ojporiad

neet

‘3a04y8 01 papusixa
c3anyonxys fAyyoynd
Pa12auuod oToquoy

a3In1on138 01
pajsauued oroquol

(323931 QS1) B1312® g 21015} JO

ajueysTp (1993 OOC Pu® G/1) s323am g pus [g
tazye ded !Buer (3997 ¢7y) 13330 g¢ sjuaw
~Bas ¢ !yidap 13jwm moy (3003 [.) 1918m Q-
yadap iazes !yidap 193em mor (393] 94) glejvm
81+ ‘UOTIRA2[3 38210 {31n1dna1s pajusndeg

813330 9/ t3I0YBJJO

2oue3FIp fgaajaw gn  :azys dvd fRuoy {1003

£07} 81919@ 79 syuamBas ¢ fyydap 1ajem nog
(3233 Q1) 512390 pg- :yidap Iayea ‘yydop
133em AOT (1337 G4) BIVIDW K T4  UDTIRAI[S
38213 !gujoid yeuymiaz YIfM ein3idniis paruamPag

812320 [§ IIOYSJIO IduwISP

f(3923 09T) 8383dw gy :yIBUAT MTIM (1023

g-) gaajam prz- yidap xajea MTIH (39093 C+)
81939W § 14 1WOTIRA3T® 18210 faanyonizs aTdujlg

{1993

008'1) s1832m g :axoysjzo adupisTp !(123]
00L°7) sasavw pog  iwa¥uar IM1TH (1993 of-)
Bi933m [*4- :uadap IalmM {WIIH (193] 414)
612138 {*h4 IUOTIRADLY 385312 !2an3onile a1duys

B1332W {g] :3I04BJJO IDQUBISTP (1933 005'T)
812197 fcp  14IBuaT (3997 41- 03 21-) samow

€ - 01 g g~ - i1yidap 193em INTH (3237 4=}
2839w 7|~ UOTIRASTE 218210 !suyoad inoy 3o
Spus paemeas syl Fuyivounod aan3idnils arfulg

N (3333 0gZ) si9l0m g/
13I0ysy30 IPULIBTP fE1935W CI7  yiBueT MM
133aW [ IUOTIRABTS 3I¥23d !aanydnalw aTBulg

gia30e (Of

isaoysyyo sduelsyp, I(1933 Q1) s12380 (O

tazye de® !Ruoy (3199) QOL) sIsiswm 14 mjvawdas ¢
M (2333 Q1) Basyow £- :yadap iy srajem
C*6+ IUOTIBAITE 38212 fain1onaye pajuaulag

81313T (]9 !9IOYSIFO IDURIGTP

(1923 000‘z) sxazaw 019 :y3adueT (MTHR
81a309@ 9/~ :iyidap NTTH (329] O7+) mavlawm
Y0 €+ 1UOFIBASTY 380ad [aamionize ayduyg

(3997 000°1) s1v39m gop

faI0ys 330 20uRIBIP (298] GZ4'1) sBiojom

wey  qIBuey INTIH (3997 €7-) 81212W g fa
ty3dap 133uA (MITH BI93AD [ (+ UOTIWAITE
35932 f2an3on13s oloysyjo at8uie v ATTwuidrag

(3923 00f) #a919W 17 :a1048)jo
BoUBIBTP {19337 (09) saajam gg7 :ydrduay MmN
(3997 9-) saayam g*1- :yadep !MTIN (1923 Z1+)
81933 f°C4 UOTIBABTS 3%010 !aanionaiys arfuysg

punom

punom

punom

punou

199Ny

atqqny

a1qqny

299y

o1d 19ays Taa3g

BQFID 33212000

yoeaq TeUDTIEdIDal
fuoyinaioad aioyg

yieaq TEUCTIRSIDBI
fuoyidazoad aioyg

uoy3330ad aloyg

. dexy
JUSWPIR PUR UCTIVD]
-01d acumajua 10qaej

i yoeaq
[PUGTIBRI%32 fuoyivel
-01d peoa pue aioyg

voyIdajoead aioyg

uoTivaload
TTEMR39 puv aloyg

a8nya1 10 Joqaey

afngaa 10 10q1ey

191d juawasnme 3233014

8167

LE6T

961

0961

6E61

BEGT

se6l

ve61

6261

"ed ‘oys] wmbaazg

o740 ‘yied mayasye

TIeMEY ‘yowag esayayey

"FITR) ‘spuwisl Tauuey)

*IT1I “yaed ufoduyp]

TTeARY ‘yoweg IAT%TEM

"85l ‘yowag doayjuiy

"J¥Ted ‘mOJuOq ejueg

"JTTB) ‘wieqieq ejueg

*3TTED '@oyuap

asvodsal aullsroug

uoyieIndyuoy

PRTTT3I~N04

punom uﬁnnﬂm

) puncm aTqqny

_punom ITqqny

punom 3[qqgny
ad&y,

asoding

SO6T N
f

ajep
=oauu=uum:oum

uoyIed07

44




[ RS trd

. =
e
5
i
T =
¥
‘‘‘‘‘‘‘ t G
D = e
Ry %
o
- e fs
e a
e s
£ =Y e Gt
T
i
2
ik
I
R
% ) 5y Jaw el = )
3 3 R, Ty o AT A P 3
I 3 ‘ ] % e S B T
2 7 g ¢ i i A 3 :
. §5ats ..(% 3 s

Exhibit 4. Breakwater applications in the Chesapeake Bay [Ref. 6. p.65]
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DESIGN OF BEACH NOURISHMENT FOR GALVESTON ISLAND
(SEAWALL AND THE WEST END)
By Frank Frankovich

SHORELINE MOVEMENT

The Galveston office of the Corps of Engineers, along with the Bureau of Economic
Geology, has performed numerous studies along the Texas coast. Each of these studies
has indicated that the "prevailing winds along the Texas coast are from the south and
southeast. From Louisiana, the coastline extends generally southwest to the coastal bend
area of Corpus Christi.,” Waves generated by the south to southeast winds produce a net
littoral transport from northcast tosouthwest along the upper coast.” Frequently during
the winter months, and occasionally during other seasons, changes in wind direction
reverse the directions of littoral transport for short periods of time. In general, littoral
movement of beach and shore material along the gulf shore is interrupted both by
artificial structures and by tidal currents through passes between the gulf and
inlandbys."(1) See Exhibit "A"(2) The jetties at the entrance to the Galveston Ship
Channel (constructed in the late 1880’s) have effectively protected the channel from
silting. They have also effectively blocked the flow of sediment to Galveston Island,
disrupting the littoral process. Though the jetties protect the channel entrance, the
channel requires periodic dredging to remove sediments which are carried in from the
guif and out from the bay. In the past, this dredge material has been disposed of in the
open gulf or used to fill government land on the east end of Galveston Island and
Pelican Island. Land on both Galveston Isiand and Pelican Island have been
substantially elevated due to the placement of dredge material. Tidal currents in and
out of the bay have caused an accretion of sediment on the north side of the jetties
known as Big Reef. The specific reason for the buildup in the Big Reef area has not

been identified, but substantial material is being trapped at this location.
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II.

PROBLEM AREAS (PRIORITIZED)

Galveston Island can be divided into three basic zones: East Beach, the Seawall, and
West Beach. EAST BEACH has continued to accrete since the jetties were constructed
in the 1880%. Accretion down drift of jetties is not typical. The classical case of sand
movement at an inlet with jetties is for accretion to occur on the up beach and erosion
to occur on the down beach. The accretion of sand on East Beach can be attributed to
the shoreward transport of dredge material of f the south end of the south jetties, and
sediment transported from the groin field during seasonal changes and changes in the
direction of the wiﬁd. Sediments carried shoreward are trapped in an area of no
longshore transport which extends from the end of the south jetties to the groin at 10th
Street. The seawall was constructed in several sections (sce Exhibit "B") (3) from 1902
to 1963. The beaches in front of the seawall have continued to experience erosion since
its beginning in 1903 and completion of the wall in 1963, See Exhibit "B." (3) The most
significant loss of sand occurred during the 1915 storm. The beaches never recovered
naturally from this loss, Continued erosion after 1915 threatened the seawall
foundation and provided justification for the installation of the groin field in the
1980’s. Since that time, the groin field has held sufficient sand to protect the toe of the
seawall under normal conditions, However, the original design intent has not been
achieved. The citizens of Galveston in the 1930’s wanted a beach 300 feet wide in front
of the seawall. A report to Congress justifying the groins’ installation identified a 300-
foot wide beach as the design intent. A dredge report in the carly 1940’s indicated that
"experience with the existing groin system appears to have been already sufficiently
Iong to warrant the statement that equilibrium has been reached. Although there is
available an ample supply of drift sand, the spacing of the groing cqual to three times
their length appears excessive under the conditions existing at Galveston to arrest a

sufficient portion of this sand for the formation of the desired beach and full
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protection of the toe of the seawall"(4) Beaches in front of the seawall from 61st Street

to the end of the seawall have eroded.

Although there is no danger of saltwater exposure to the concrete piling support within
this section, there is concern about long term exposure of the steel sheet pile bulkhead
at the toe of the seawall. Damage occurred at the base of the seawall during storms in
the past. Substantial damage occurred during Hurricane Carla in 1961 when beaches
still existed in front of this section of wall. The lack of beach increases the possibility
of continued scouring at the base of the seawall which could expose the steel sheet pile
wall along the base of the seawall to the salt water. The original groins were steel
bulkheading; however, this material failed after 30 years of continued exposure to salt

water.

WEST BEACH has continued to recede at an average of "1.8 to 2.6 feet per year." (8)

The movement of the beach and dunes landward has created conflict between the
Attorney General's Office and local residents. As dunes move inland and encroach on
existing subdivisions, the beaches begin to marrow. Though citizens have tried to
maintain and stabilize the dune line in front of their homes, structures have been lost
to receding beaches. As a result of this inland movement of beaches and dunes,
Highway 3005 is vulnerable to storm damage from Pointe San Luis to Bay Harbour and
from Sunbird to Indian Beach. Road damage may also occur at each of the 18 dune cuts

which allow vehicular access to the beach. These cuts allow uncbstructed storm surges

to enter the back beach areas.

SAND SOURCES

Prior studies and reports have identified adequate sand sources on both the west and

¢ast ends of the Island. See Exhibits C and D.(5) The Corps of Engineers, the Bureau
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IvV.

of Economic Geology, and Texas A&M University have all identified sand of
significant quantities to re-establish Galveston’s beaches. Additional testing will be

required to verify quality quantities and specific locations of sand sources.

The Corps of Engineers has an active navigational channel dredging program. Every
two to three years, the Corps dredges the Galveston channel, Approximately 1.5 to 4
million cubic yards of material is removed and disposed of in the open guif. Thus, in
a ten vear period, 15 to 40 million cubic yards of dredged material is lost in the gulf,
The Corps cstimates-that it would take 1,344,000 cubic yards of material to replenish
the beaches within the groin field during initial construction. They are currently
studying alternatives for using dredge material to replenish beaches with the hope of

implementing a program in the 1993 dredge cycle,

BEACH DESIGN

The beaches in Galveston have a consistent slope. See Exhibit E.(6) Factors which must
be considered when designing the beach are: "1) littoral movement; 2) beach sand
characteristics; 3) characteristics of sand sources; 4) beach berm evaluation and width;
5) wave ad justment in of fshore siope; 6) beach fill transition; and 7) location of feeder
beach."(7) The Texas coast has a relatively mild wave tidal curve with variation
ranging on the average of two feet. The cycle of re-nourishment is reduced to 10 - 12
years depending primarily on storm cycles. The Corps of Engineers is currently testing
sediment within the channel to determine the guality and quantity for beach
nourishment. The Corps report of 1985 indicated a typical restored beach section in
front of the seawall and on West Beach (see Exhibits E and F) and recommended that
the material be transported by truck to the groin field. DEC recommends that a wider
backbeach and foreshore be installed and that the material be transported by dredging.

The increased backbeach and forebeach will provide additional shoreline flood
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protection and recreational benefits.

The primary movement of sand is from northeast to southwest. Therefore, the
placement of sand within the groin field will result in the movement of this material
to the southwest or to West Galveston Island. The groin field will act as a feeder beach
until other replenishment phases of the plan can be implemented. Ideally, a feeder
beach should be created at the end of the seawall, allowing sediment to move each
direction depending on winds and seasonal changes. A feeder beach at this location will
protect the end of tﬁc scawall from flanking and will feed the West Beach area which

relies on a natural system for storm protection.

PROJECT PHASING

Dannenbaum Engineering Corporation recommends that the beaches on Galveston
Island be renourished in the following five phases: Phase I - in front of the seawall
from 10th Street to 61st Street; Phase II - 61st Street to the west end of the Seawall;
Phase IIT - Spanish Grant Subdivision to Galveston Island State Park; Phase IV -
Galveston Island State Park to Indian Beach; and Phase V - Sunbird Beach to San Luis
Pointe. In addition to beach replenishment, we recommend that dunes be instailed on
the beach in front of the Seawall and landscaping be planted to soften the hard
structures in these three highly visibie locations. (See Exhibits F and H.) Dunes should
also be rebuilt on the west end of the Island where the dunes have been breached for
vehicular access and by prior storms. If vehicular access is necessary to provide public

parking, cross over ramps should be installed over the dunes to provide storm surge

protection.
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(1)

2

(3)

(4

(5}

(6

(7)

(8)

CONCLUSION

Unless some replenishment action is taken to better manage the sediment resources
within Galveston County, we will continue to see our beaches erode. Better utilization
of our sand resources can provide continued storm surge protection for existing
structurcs. A management system will protect existing structures and thereby maintain
and strengthen the County’s tax base. We hope the city, county, state and federal
governments will work actively in the future to protect Galveston County’s number one

natural resource - its beaches.
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TYPICAL BEACH PROFILES FROM

MORTON( 1974, 75 & MORTON and PIEPER( 1975 )

Exhibit "gv - "Typical Beach Profiles"
(Taken from Ref. 6)
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ALTERNATIVE SAND SOURCES FOR
BEACH NOURISHMENT

by, Mark E. Leadon! and Y. H. Wang?

ABSTRACT: Beach nourishment has evolved over recent
years as the preferred solution to beach erosion problems
along developed coastal shorelines. Extensive beach
nourishment projects have been conducted in the U.S. and
have proven successful, such as at Miami Beach, Florida.
Borrow source material for nourishment is generally obtained
from offshore sites, tidal inlets and associated shoals, or from
inland sand deposits. Selected borrow sites are based on
consideration of availability, cost and quality of the borrow
material. This paper will focus on these selection
considerations with particular reference to Galveston Island.
Retrieval of sand resources lost from beaches into inlet-
related shoal systems generally provides a high quality sand
for beach nourishment. Consideration should be given to the
effect of sand excavation from inlet shoals on natural sand
bypassing at the inlet to adjacent shorelines.

'Professional Engineer Administrator, Florida Division of

Beaches and Shores, 3900 Commonwealth Boulevard, Tallahassee,
Florida 32399

’Professor, Department of Maritime Systems Engineering,

Texas A&M University at Galveston, P.O.Box 1675, Galveston, Texas
77553-1675
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INTRODUCTION

Beach nourishment has been conducted extensively along shorelines of the U.S.
and other countries to restore eroded beaches in developed areas to provide storm
protection as well as recreational benefits. Beach nourishment consists of the placement
of beach compatible sand material from a source outside of the active beach system
which is being restored. Such sand placement essentially results in a net gain of sand to
the beach system and thus potential for adverse impact to the beach system and adjacent
areas is low. The low impact potential exists provided the borrow material for the beach
fill does not disrupt another component of the active sand sharing system and provided
beach stabilizing structures which may accompany the fill do not disrupt sand transport to
areas adjacent to the beach fill project. Successful beach nourishment projects have been
constructed in several coastal states in the U.S. such as in Florida. A total of over 50
beach nourishment projects have been constructed in Florida including most of Dade
County which contains the Miami Beach project where approximately 15 million cubic
yards of sand was initially placed.

A total of about 60 million cubic yards of sand has been placed as nourishment
projects in Florida. In addition, about 28 million cubic yards of sand have been placed
on beaches as nourishment as a by-product of inlet navigational dredging.

Sand material placed on Florida’s beaches has been obtained from various
alternative sources. In a couple of cases, it has been economical and feasible to
transport sand from inland sand deposits by truck or railcar for beach placement.
However, the vast majority of sand has been obtained from offshore sources Or, as
mentioned, from inlets. In addition to sand obtained from navigational dredging
operations, focus has increased in Florida on retrieving sand which has accumulated in
inlet shoal systems and become essentially lost from beaches adjacent to the inlets. The
quality of sand material contained in inlet shoals is generally found to be of a good
qQuality for beach nourishment. This is understandable since the source of the majority of
the shoal material is from adjacent beaches.

The beaches of Galveston, Texas have experienced long-term erosion. Following
the devastating hurricane of 1900, the massive Galveston seawall was constructed along
the Gulf of Mexico shorefront to protect the city of Galveston from any recurring
hurricane assaults. The Galveston beaches experienced some recovery and widening
after completion of the seawall. However, in recent years erosion and shoreline
recession has occurred along the Galveston shore and throughout other portions of
Galveston Island. Erosion control along Galveston Island has become of major
importance and beach nourishment through retrieval of lost sand resources is, at least in
part, the apparent preferred erosion control solution.
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of
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Figure 1. Galveston Island Map Including Nearshore Dump Sites
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BEACH EROSION ON GALVESTON ISLAND

Galveston Island is a coastal barrier island of approximately 29 miles in length
along the Texas coast and oriented in a northeast-southwest direction. The island is
bounded by Galveston Bay and West Bay to the north and west, the Gulf of Mexico to
the south and east, and by two tidal inlets at its ends, Galveston Bay Entrance at its
northeast terminus and San Luis Pass at its southwest terminus (see Figure 1). The
island is extensively developed particularly along its northeasterly end where the City of
Galveston is located. The geomorphic behavior of Galveston Island is typical of other
barrier islands where erosion losses occur in the middle portions of the island with
deposition near ends of the island and into adjacent tidal inlet systems. Erosion
problems have been exacerbated by the development along Galveston Island where
structures are located in close proximity to eroding shorelines.

4

/ GALVESTOM BAY ENTRANCE

ALTERNATIVE SAND SOURCE |

GALVESTON

ALTERNATIVE
T SAND SOURCE

SAN LUIS PASS

Figure 2. Location Map of Alternative Sand Fill Sources
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TIDAL INLET DEPOSITICN

In the case of Galveston Island, sand deposition has occurred at the Galveston
Bay entrance and at San Luis Pass. Sand deposition at Galveston Bay entrance has
occurred adjacent to the northeast tip of the island where sand has transported over and
through the rock jetty structure and into the inlet creating a large area of accretion
..... immediately inside the jetty. Sand deposition at San Luis Pass has occurred
predominantly into interior flood tidal shoals of West Bay and has created extensive sand
deposits over a long time period (see Figure 2).

Galveston Bay entrance is a Federally-authorized navigation channel and has been
dredged extensively by the U.S. Army Corps of Engineers. Dredged material from the

''''' entrance channel has been dumped into both nearshore and offshore sites. Sand .
material dumped into these disposal sites by dredging has effectively been lost from the
active sand transport system. Although some of the dredged material in the nearshore
site may be affected by sand transport mechanisms, the benefit of that material to upland
beaches will likely be minimal because of the water depth at which it has been placed.
In addition, enlargement of nearshore shoals as a result of the sand dumping may
negatively affect adjacent downdrift beaches by altering wave refraction patterns in
nearshore areas. Optimum use of the dredged sand would be to return it to neighboring
beaches where it will provide the greatest benefit, such as on Galveston Island.

San Luis Pass has not been dredged routinely for navigation. The large deposits
of sand contained in the Pass’s flood tidal shoals represent sand which has been
essentially lost from the active Gulf-fronting beaches of Galveston Island.

FEDERAI DREDGED MATERIAL DISPOSAL REGULATIONS

The Federal dredging regulations require the Corps of Engineers to place dredged
material in the least-cost approved disposal site (9). Fortunately, it has often been the
case in coastal states, such as Florida, that disposal of dredged sand onto beaches has

e turned out to be the least-cost alternative. Such cases usually have been in inner channel
regions where dredging has been conducted by hydraulic pipeline dredge with direct
pumpout capability. Generally, hopper dredges are used in deeper waters which are

— subject to higher seas. Hopper dredges require additional equipment for pumpout
capability which generally increases the cost. Thus, beach disposal from dredging by
hopper dredge usually is not the least-cost alternative and necessitates the need for

additional funds for beach placement (7,11). Such additional funds for beach placement
must be obtained from non-federal sources, such as state and local government.

" In Florida, state law provides for state payment of up to 75% of the non-Federal
cost of placement of inlet sand onto adjacent beaches (1). The Federal government may
provide up to 50% of the added costs for beach placement as a cost sharing effort with
the state, provided a favorable report supporting the cost-sharing is obtained from the
Corps of Engineers (8,11). It is noted that the Federal government may also consider
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the adverse impacts that a navigation inlet may have on the beaches of adjacent barrier
islands and include an increase in percentage of Federal cost for a shore protection
project on an adjacent beach to mitigate the adverse impact (6).

BEACH NOURISHMENT FOR GALVESTON ISLAND

Alternatives to the beach erosion problem on Galveston Island may include a
combination of sclutions. Such solutions may include increased restrictions on
development on the island. However, in locations where the beach has been eroded
away and existing upland development provide justification, shore protection projects
appear to be necessary. Shore protection projects may involve placement of hardening
structures such as seawalls and revetments, or shore stabilization by structures such as
offshore breakwaters. Restoration of eroded beaches to provide for increased storm
protection and recreational benefits suggest beach nourishment as a preferred alternative.

Beach nourishment in the case of Galveston Island may include a combination of
obtaining sand for beach placement from the navigational dredging of the Galveston Bay
entrance and the design and implementation of a beach nourishment project for a
portion of the island. A major factor in consideration of beach nourishment is the source
of material for nourishment. Potential alternative sources of sand for nourishment
include offshore sources, some of which have been identified by the Corps of Engineers,
and the sand deposits at both the Galveston Bay entrance and San Luis Pass.
Consideration must be given in the selection process to the sand quality, cost and
environmental impacts of each potential borrow source. Specific studies including these
considerations should be conducted for each borrow source in the selection process. The
quality of the sand in the inlet deposits is expected to be very similar to and compatible
with the native beach sand. In fact, most of this identified inlet sand presumably was
derived from the beaches of Galveston Island.

It is generally the case with inlet sand that it is of a coarser grain size and more
similar to native beach sand than offshore sand deposits. This is certainly by no means
absolute. Offshore sand exploration has resulted in the location of a number of coarse-
grained sand deposits in Florida. Likewise some of Florida’s coastal inlets have
consistently produced finer-grained sand in navigation channels and associated flood tidal
shoals. But the trend for inlets to produce the coarser grained sand is apparent. This
apparent trend is demonstrated in review of a limited data set depicted in Figure 3 where
mean grain size for both inlet and offshore borrow material is compared with that of
nearby native beach sands.

The sand contained in the identified deposits at the Galveston Bay entrance and
at San Luis Pass should be of a quality very similar to that found on beaches of
Galveston Island. It is desirable to obtain a borrow sand material which is the same as,
or coarser than, the native beach sand in grain size. The Corps of Engineers has !
developed methods by which to compare compatibility of alternative borrow sands with
the native beach sand (3,9). The overfill of borrow sand vs. beach sand is calculated
based on grain size and sorting differences between the native and borrow sands.
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Figure 3. Inlet and Offshore Sand Grain Size Comparison

Dean (2) used the equilibrium beach profile concept as a means of comparing alternative
borrow sands with native beach sands. The equilibrium beach profile assumes the form

hiy) = Ay %

where h is elevation, y is distance and A is a scale parameter. The scale parameter
decreases with decreasing sediment size. Dean illustrated that a coarser-sized
nourishment material produces a greater dry beach width per unit volume of sand. A
representation of an illustration from Dean in Figure 4 shows resultant beach widths for
varying borrow material grain sizes. The spreading of nourishment fill in the alongshore
direction is also affected by sediment size where alongshore losses of fill may be greater
with finer size sand.

54



The cost of use of each alternative sand source must also be specifically studied.
There are a number of factors which
Beach
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Figure 4. Beach Width Variation with Change in Fill Grain Size
(representation after Dean (1988)).

influence the costs of one alternative versus another. Generally, the costs are greatly
influenced by the distance from the borrow area to the beach nourishment project site
and by requirements for additional dredging equipment, such as booster pumps, etc. A
nourishment project may result in a combination of borrow sites, using offshore material
from borrow sites which are in reasonably close proximity to the nourishment site and
using inlet sand from adjacent tidal inlets. Optimum use of sand dredged from inlet
navigational dredging which is in close proximity to a nourishment project site should be
incorporated into the project planning and design. Leadon (4) reviewed costs for
nourishment from sand obtained from inlet navigational dredging and compared them
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with costs for nourishment from offshore sources and found the unit cost of nourishment
for the inlet sand, in general, to be significantly lower than for the offshore sand. An
illustration of such a cost comparison is given in Figure 5. The costs of placement of the
inlet sand contained in Figure 5 reflect, in most cases, the added

costs for placement of the inlet sand on adjacent beaches instead of in offshore sites.
They also do not reflect any Federal 50/50 cost sharing discussed earlier, but only added
costs which were provided 100% by non-Federal (State and local) sources.
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Figure 5. Cost Comparison of Nourishment from Inlet and Offshore
Sources

In using inlet sand for beach nourishment, analyses must be conducted to ensure
that there is no increased disruption to material sand transport and bypassing processes
which may be occurring at the inlet. Such cases have been identified at some
of the inlets along Florida’s lower east coast, such as Jupiter Inlet, where studies have
suggested maximum levels of allowable sand removal from ebb tidal shoals to minimize
impact to natural bypassing around the inlets (5).
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In both cases of inlet and offshore sand sources, environmental studies must be
conducted. Environmental impact considerations
may affect viability of use of an identified borrow source for a nourishment project.

CONCLUSIONS AND RECOMMENDATIONS

Beach erosion along portions of Galveston Island have resulted in loss of
recreational beach and loss of storm protection to upland development. Beach
nourishment would serve to restore lost beach and recover the lost benefits. Review of
alternative sand sources for beach nourishment should include analysis of sand deposits
at tidal inlets adjacent to Galveston Island, as well as offshore borrow sites. Inlet sand is
generally coarse-grained sand which provides good material for beach nourishment.
Considerations in the selection of a sand source for nourishment should include
availability, cost, quality of the sand and environmental impacts.

Efforts to obtain sand from inlet navigational dredging at Galveston Bay entrance
for beach nourishment should be pursued. Cost-sharing with the Federal government for
the added cost of placement of the navigational dredging sand on the beach may be
available. Overall costs of beach nourishment where sand has been obtained from tidal
inlets, including that from navigational dredging, have been lower than for nourishment

"""" from other alternative sources. Studies may show this to be the case for Galvesion
Island.
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