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EXECUTIVE SUMMARY

As part of the Texas Natural Resources Inventory (NRI), beach and dune profiles
were surveyed at 33 transects spaced 7,000 to 10,000 ft apart along the Gulf shore of
Galveston County. These surveys were conducted to establish the position of the dune
protection line and the vegetation line. Geographic positions of the dune protection line
and the vegetation line on each transect were obtained with geodetic quality Global
Positioning System (GPS) receivers. The GPS positions were converted to state plane
coordinates to facilitate entry into ARC/INFO, the NRI geographic information system.

Dune characteristics such as height, continuity, density of vegetative cover, and
location with respect to the Gulf shore were recorded to determine the occurrence and
distribution of different dune types. The functional relationships and response of different
dune types to storm conditions were reviewed, and an ordinal ranking of dunes was
prepared. On one end of the spectrum are high, continuous well-vegetated foredune
ridges, and on the other end are low, isolated, barren or sparsely vegetated coppice |
mounds.

Field observations revealed that beach cleaning activities have extensively modified
the dunes and vegetation line of Galveston County since Hurricane Alicia (1983). A
ranking of human impacts was developed to provide a basis for evaluating the degree of
dune modification. The impact indicies range from 0 to 5 with 0 indicating no visible
evidence of human interference and 5 indicating major alterations to the natural dune
system and position of the vegetation line. Most beach segments in Galveston County
have an impact index of 3, indicating that the natural dunes are supplemented with large
mounds of sand and debris (wood, beach trash) scraped from the beach during cleahing
operations and placed in the backbeach seaward of the natural dunes.

In general, the foredunes of Galveston County are less than 11 ft high, narrow,

densely vegetated, and relatively continuous. They will provide adequate protection



against washover and flooding for hurricanes up to category 2, but are vulnerable to

complete destruction by more intense hurricanes (categories 3-5).
INTRODUCTION

A cooperative study was conducted by the Texas General Land Office (GLO) and the
Bureau of Economic Geology (BEG) to investigate the coastal foredunes along the Gulf
beaches of Galveston County. Several tasks were involved including examination of
aerial photographs, field surveys of beach and dune profiles, location of the dune
protection line and vegetation line, and evaluation of human modifications to the dune
system. Protecting the foredunes from adverse human impacts is necessary because they
serve as the primary line of defense against storm surge, high waves, and coastal
flooding. Stable dunes can help minimize storm damage to roads and buildings and can
protect back-island areas and the mainland from the direct impact of a storm. The dunes
also contain a reservoir of sand that reduces instantaneous beach erosion during storms
and assists in post-storm beach recovery.

A principal objective of the study was to provide geographic coordinates of the dune
protection line at selected sites and to format those data so that they can be incorporated
into the Texas Natural Resources Inventory (NRI) database. Other objectives were to
review the factors that are critical to the maintenance of dunes along coastal barrier
islands, to describe the various dune typés observed along Gulf beaches of Galveston
County from San Luis Pass to High Island (fig. 1), to consider the function of each dune
type and their resl;onse to storm conditions, to describe the relative importance of each
dune type in protecting both the natural coastal system and human construction within
that system, and to evaluate the impact of human modifications on the natural formation

of dunes.



FIELD METHODS
Air Photo Analysis and Profile Locations

Composite strips of air photos of Galveston County Gulf beaches taken in 1991 by
the GLO were used to tentatively locate 33 profiles that represent dune conditions along a
particular beach segment. Using the air photos, profiles were optimally spaced about
every 7,000 to 10,000 ft along the Gulf shore (fig. 1). The final locations of the profiles
were determined in the field considering the proximity of the profiles to houses or other
obstructions that would alter the beach and dune morphology. Eight of the profiles are
referenced to markers established by the BEG in 1983 when monitoring of beach
recovery from Hurricane Alicia began. Six of the BEG profiles are on West Beach of
Galveston Island, one is at Caplen on Bolivar Peninsula, and one is at High Island
(Table 1).

All of the GLO profiles (Appendix A) are referenced to an orange metal stake that
protrudes a few inches above the ground surface. Each stake is constfucted of a tﬁree-foot
piece of one-inch pipe welded to a two-foot piece of flat steel that forms a T. The T was
inverted and buried in a trench to discourage removal by vandals. Each profile is
identified by a number inscribed on a metal tag that is attached to the top of the stake.

Field notes, sketches of the profiles and profile locations, and comments regarding the
dune types and modifications (Appendix B) were recorded in standard field books kept

on file at the Bureau of Economic Geology and the Texas General Land Office.
Total Station Surveys

The primary field surveys involved shore-normal beach and dune profiles (transects)

measured with a total station and reflecting prism. Standard profiling techniques were
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Table 1. Beach and dune profiles arranged in geographical order from San Luis Pass
to High Island, Galveston County, Texas. The index of human impact (Indx.) is

defined in Table 3.

— Profile Indx. || Profile Indx. " Profile  ||Indx.
[BEG-4 (San Luis Pass) || 0 _|IIGLO-7 5 1' GLO-17 3
GLO-1 0 |[|GLO-3 3 |||GLO-18 3.5
GLO-2 2_||[BEG-1 (Tower base) 4 ||[GCO-19 q
BEG-5 (Terramar) 3 ||[GLO-9 2_||[BEG-9 (Caplen) 0
GLO-3 2 ||[GLO-T10 (East Beach) 3_||[GLO-20 3
GLO-4 3.5 |||GLO-T1 (East Beach) || 3 |IGLO-21 3
BEG-3 (Sea Isle) 4 JGLO-12 (East Beach) 3 JIIGLO-22 3
GLO-5 3 ||[GLO-13 (Bolvar Flats) || 1 |||GLO-23 4
BEG-7 (Jamaica ﬁeach) 3 Il GLO-14 fﬁ BEG-10 (Higﬁsland) 3
GLO-6 (Gal. Is. St. Park) || 1 _|||GLO-15 4 ||[GCLO24 4
BEG-2 (Gal. Is. St. Park) || 1 [||GLO-16 |

employed whereby changes in beach and dune morphology (elevation and slope) are used

to determine survey stations, otherwise measurements are made about every 25 or 30 ft

along the profile where there are no abrupt changes in slope.

In the raw data columns (Appendix B), the origin (0,0) is the instrument station. The

top of the stake and the bottom of the stake are also recorded in the raw data columns.

The stake locations can be identified in the raw data columns from the annotations and by

looking for adjacent readings with essentially the same horizontal position. The height of

the stake above the ground surface can be calculated by subtracting the top and bottom

measurements. The height of the top of the stake was removed from the corrected data

(X CORR, Y CORR) to prevent plotting of an erroneous topographic feature. Most of the

plotted profiles (Appendix A) originate at the stake (adjx, adjy) because it is the only

physical feature in the field that is stable and can be recovered using field descriptions or

GPS coordinates.

Each profile was taken to the maximum wading depth, which is about -5 ft. During

the surveys, profiling conditions were nearly ideal. The wind was calm, waves were very

low, and water levels in the Gulf of Mexico were low. Under these conditions,




measurements were made farther into the Gulf than under normal conditions of higher
waves and water levels. |
Absolute elevations are unavailable for any of the beach and dune profiles.
Approximate elevations have been determined for the BEG profiles based on elevations
from nearby benchmarks. Because the GLO profiles are referenced to the datum stake,
the heights shown on the illustrations (Appendix A) are only relative elevations. Dune
elevations stated in the text were estimated by observing the height of the dunes above
the backbeach and assuming a backbeach elevation of about 3 ft. Surveys conducted by
the Corps of Engineers and the BEG with vertical control established by bench marks
show that the backbeach elevation is consistent along Galveston County beaches because

sand size and wave heights are uniform.
Global Positioning System Surveys

State-of-the-art, geodetic-quality multichannel Global Positioning System (GPS)
receivers were used to obtain precise positions of the dune protection line and vegetation
line along each beach and dune transect of Galveston County. The GPS rover antenna
collected data for at least 20 minutes at flags placed along each transect to mark the dune
protection line and vegetation line. The GPS receivers recorded phase and range data
every five seconds. The positions for the dune protection line and vegetation line were
estimated from all data recorded during the 20 minute occupations. The GPS positions
were converted to state plane coordinates (Appendix C) to facilitate entry into
ARC/INFO, the NRI geographic information system.

A combination of static and rapid-static GPS surveys were conducted to provide
geodetic control for all beach profiles. The reference station during surveys of Galveston
Island and Bolivar Peninsula was the Texas Department of Transportation Regional
Reference Point (RRP) at Houston, Texas. The coordinates of the Houston RRP were

held fixed and the positions of five base stations (three on Galveston Island and two on



Bolivar Peninsula, Table 2) were estimated with respect to the RRP for each day of the
survey. Selected points on each beach profile were occupied by a mobile GPS receiver
and the position of these beach profile points were, in turn, estimated with respect to the
base station. The GPS field work was conducted using two Trimble 4000SSE GPS

receivers.

Table 2. List of survey dates, base station locations, and beach profiles surveyed in
Galveston County.

Date Base station Beach Profiles Surveved
09 Sept. ‘94  Galveston State Park no profiles surveyed
M460, 1951
10 Sept. ‘94  Galveston State Park BEG-03 BEG-07 GLO-05 GLO-06
11 Sept. ‘94 M460, 1951 BEG-04 GLO-01 GLO-02 GLO-03 GLO-04

12 Sept. ‘94 GLO-10 datum stake GLO-10 GLO-11 GLO-12
13 Sept. ‘94  Galveston State Park BEG-01 BEG-02 GLO-07 GLO-08 GLO-09
24 Sept. ‘94 GLO-17, GLO-23 no profiles surveyed

25 Sept. ‘94 GLO-17 datum stake BEG-09 GLO-13 GLO-14 GLO-15 GLO-16 GLO-19
26 Sept. ‘94 GLO-23 datum stake BEG-10 GLO-20 GLO-21 GLO-22 GLO-23 GLO-24

27 Sept. ‘94 GLO-17 datum stake  GLO-17 GLO-18

Methods

Static Surveys (Base Stations)- The Galveston Island and Bolivar Peninsula GPS
surveys were conducted using identical techniques: a static solution was estimated for
each stationary base station with respect to the Houston RRP, and then a rapid-static
solution was estimated with respect to the base station for points on the transect surveyed
by a mobile receiver.

Table 2 shows the base station used for each day and the beach profiles surveyed
relative to that base station. Three of the base stations were the datum stakes at beach

profiles GLO-10, GLO-17, and GLO-23. One base station was the National Coast and




Geodetic Survey benchmark M460, 1951 located near San Luis Pass on Galveston Island.
The fifth base station was the top of a plastic cap installed on a concrete pillar located on
the Galveston State Park parking area. The position of this base station was known from

previous GPS surveys in the park (Morton, et al., 1993).

The position of each base station was estimated using GPS data recorded at the base
station and the Houston RRP. The coordinates for the Houston RRP were held fixed
While the coordinates of the base station were estimated using the National Geodetic
Survey’s OMNI software. All base stations, except for GLO-10, were occupied by GPS at
least twice. GLO-10, on Galveston’s East Beach, was occupied for just one day so there
is only a single daily solution for this station. In addition, because of technical
difficulties, data from the Houston RRP was not available for 10 September therefore no
base station solution is available for Galveston State Park on that day. If the base station
was occupied more than once then a weighted average of the daily solutions was used to
compute the final base station position.

The overall RMS of fit to the GPS data, a direct measure of precision, varied between
2 cm for the Galveston State Park base statioh and less than 1 cm for GLO-17 and GLO-
23 on Bolivér Peninsula (Table 2). Why the RMS for the Bolivar Peninsula base stations
should be consistently lower than the Galveston sites, especially the State Park is
unknown. Weather may contribute; tropospheric variability during the observation
session may be hard to model with a single tropospheric scale height for the entire
session. Weather during the Galveston survey was certainly more unstable than during
the Bolivar survey. Multi-pathing may also be a factor. The station with the highest RMS
is Galveston State Park, where the static receiver was located in a parking area. The
paved parking surface may be significantly more reflective than the vegetation covered

surfaces encountered at other stations.

Rapid Static Surveys- The rapid-static method was used to estimate the position

between the base station and the mobile receiver that occupied selected points on each



beach profile. The mobile or “rover” receiver was carried in a backpack and powered by a
small 12 volt battery and the rover antenna was mounted on a 6-foot range pole. The
operator carried the receiver and antenna along the beach profile and placed the range
pole over the survey point. A bipod and spirit level on the range pole allowed the operator
to stabilize the antenna directly over the survey point.

The dune protection line and the vegetation line on each profile were occupied by
GPS except for BEG-9 (Caplan) and BEG-5 (Terramar). On BEG-9 the datum stake was
occupied, but not the dune protection line. On some Galveston Island profiles, additional
points were occupied, such as the dune crest. Each GPS survey point was typically |
occupied twice by the GPS rover. During each occupation, at least ten minutes of GPS
data was collected at the sampling rate of 5 sec (the base station also recorded at a 5 sec
sampling rate). The two occupations were separated by at least ten minutes to allow the
GPS satellites to change position. Two ten-minute occupations, ten minutes apart was
considered a minimum requirement that would allow a precise solution to be estimated
with as few as four satellites visible.

. The rapid-static data were reduced with the National Geodetic Survey’s OMNI |
software version 2.10. Version 2.10 instead of version 3.22 was used because the more
recent version does not have kinematic nor rapid-static capabilities. To minimize the
effects of multi-pathing and tropospheric refraction, all data below an elevation of 20°
were discarded. In addition, no rapid-static surveys were conducted over a distance

greater than 10 km from a base station.

Results

The GPS solutions provided the x, y, and z coordinates of each survey point relative
to the center of the earth in an earth-fixed reference frame. These x, y, and z coordinates
were transformed to latitude, longitude, and height above the WGS-84 ellipsoid using an

algorithm created by Dr. Clyde Goad at the National Geodetic Survey ‘(NGS). The



latitude and longitude were in turn converted to State Plane coordinates using Trimble’s
PFinder GPS software. The NAD27 datum and the Clarke 1866 ellipsoid were used in the
state plane coordinate transformation. The coordinate units used were “survey feet.”

We were able to extend geodetic control over a large area in a relatively short time
using a combination of static and rapid-static GPS techniques. The horizontal and vertical
position of each survey point on Galveston Island and Bolivar Peninsula is precisely
located relative to the Houston RRP. Because of time constraints, none of the rapid-static
surveys were repeated. Therefore the true precision of these points are unknown.
However, comparisons between the relative heights of points measured by both GPS and
the total station agree within 1-3 cm. The static surveys show a baseline repeatability of
+ 1-2 cm. These internal verifications indicate that the precision of the combined static
and rapid-static surveys should be about + 2-3 cm in the horizontal dimension and about

+ 3-5 cm in the vertical dimension.

DUNE TYPES AND FUNCTIONAL RELATIONSHIPS

The functional relationships and criticality of dunes at a particular site are determined
by three interrelated factors (White et al., 1978). The first factor is the physiographic
setting of the site; whether it is a barrier island or some other coastal landform such as a
mainland beach. The second factor involves dune characteristics such as dune height and
width, amount and type of dune vegetation, and the continuity, brientation, and location
of dunes with respect to the Gulf shoreline, washover channels, blowouts, and other
features that influence the formation and stability of dunes. The third factor involves the
types of dunes present and their response to storm flooding. The dune types and their
functional relationships help establish general guidelines for the kinds of human activities

that can occur at a site considering the expected extent of storm flooding and washover.
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Different types of dunes serve different functions in protecting coastal developments as

well as the natural environment.
Physiographic Setting

Coastal dunes of the Texas Gulf shore are directly related to sand supply and
shoreline stability. Where sand supply is abundant and the shore is stable, dune fields are
extensive and individual dune complexes are large. Where sand supply is minor and the
beach is eroding, dunes are sparse or absent.

The dunes of Galveston County encompass a broad spectrum of conditions. At some
sites there are moderately large dune ridges containing enough sand to minimize
hurricane damage. At other sites, dunes are absent where beach retreat is rapid and the
landward limit of the backbeach coincides with an erosional escarpment. Considering the
entire Texas coast, Galveston Island and Bolivar Pcninsula are relatively stable barriers
that receive variable amounts of sand. In contrast, the mainland Gulf shore between
Rollover Pass and High Island is an erosional headland where dunes é.re poorly |
developed. All along the upper Texas coast, there is sufficient rainfall to promote the
rapid growth of vegetation that stabilizes the dunes. Consequently, most of the dunes are
densely vegetated, and mounds of sand placed in the backbeach after beach scraping are

quickly vegetated.
Dune Characteristics
Dune characteristics are the fundamental attributes that together define the different
dune types. The physical attributes of the dunes include lateral continuity, sand volume,

orientation, density of vegetation, and location. By using this checklist of attributes; dune

types can be determined at any coastal site.
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Lateral continuity of the dunes parallel to the beach is an important characteristic.
This is because a continuous dune ridge can block rising storm waters, thus protecting
back-island areas from hurricane surge and washover more effectively than do
discontinuous dunes. A high, continuous dune ridge with discontinuous dunes seaward
offers the best protection against storm erosion and flooding. If the discontinuous
hummocky foredunes are extensive, they can dissipate storm waves and currents before
they reach the continuous dune ridge.

Dunes oriented with their long axis parallel to the shoreline are most effective in
blocking high storm waters and sheltering back dune areas from high winds.
Discontinuous longitudinal dunes with their long axis perpendicular to the shore can
actually funnel storm surge into interdune areas.

Dune height and width together determine the volume of sand stored in the dunes
above the backbeach. Dune height is an indicator of how effective the dunes will be in
preventing storm overwash. Records compiled by the Galveston District Corps of
Engineers indicate that hurricane surge rarely exceeds 15 feet along the Texas coast.
Therefore, dunes less than 12 ft high are vulnerable to complete destruction in a major
storm. Dune height alone is insufficient for complete protection because the dunes are
subject to erosion. Therefore, the total volume of sand stored in the dunes is an important
consideration at each coastal site. The degree of protection is directly related to the
volume of sand. High, wide dunes are much more effective as storm barriers than are low,
narrow dunes.

The amount of vegetative cover is another basic dune attribute. Surface vegetation
acts as a baffle that traps blowing sand and the extensive underground root systems of
dune grasses act as binding agents to retard the movement of loose sand exposed to
erosion by wind and water. Both vegetated and barren dunes serve important functions.

Along some beach segments, the only dunes present are unvegetated blowout dunes that

12



are critical to protecting inland areas. Although both vegetated and unvegetated dunes are
important, vegetated dunes are more desirable because of their greater stability.

Dune location with respect to the Gulf shoreline is a consideration because dunes far
from the water are generally less vulnerable to storm attack than those close to the water.
The increased distance from the Gulf also affords a greater area for wave and current
dissipation before storm waters reach the dune ridge. Dunes located near washover

channels and beach access roads can be severely eroded during high storm flooding.
Dune Types

An idealized profile of a sandy barrier island illustrates the various dune types and
their spatial arrangement (fig. 2). There are six major dune types present along the Texas
coast. Beginning at the backbeach and progressing landward they are: (1) low
unvegetated or sparsely vegetated coppice mounds, (2) hummocky, discontinuous
vegetated foredunes, (3) continuous vegetated foredune ridge, (4) active dunes and

blowouts, (5) stable blowouts, and (6) back-island dunes.

Hummocky

Foredune ridges discontinuous
foredunes
Backisland - gackdune ramp Coppice mounds
Lagoon dunes PP Gulf of Mexico
S.L.
— Vegetated
barrier flat

QAa9394c

Figure 2. Generalized barrier island profile showing the locations of different dune types.
Modified from White et al., 1978.
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Coppice mounds represent the initial stage of dune formation and are a source of sand
that can be exchanged with the beach during storms. They form by accumulation of sand
on the downwind side of vegetation or other small irregularities on the beach. In their
latter stages of development, they enlarge and merge to form low, hummocky isolated
dunes. Coppice mounds are generally absent from the beaches of Galveston County
because of beach traffic and beach maintenance.

Discontinuous vegetated foredunes commonly form landward of the coppice mounds
and seaward of the foredune ridge. They represent the second stage in the evolution of
dune types. In Galveston County, they attain heights of about 10 ft above sea level.

During storms, waves and currents erode the upper beach, coppice mounds, and
discontinuous foredunes, transporting the sand offshore where it is stored temporarily on
the shoreface. By producing a wide lowered beach, wave energy is dissipated over a
broad area. Although the dunes may be obliterated by storm erosion, the sand is
transferred to the beach and shoreface to compensate for the high wave energy. The
discontinuous hummocky foredunes also dissipate wave and current energy by offering
resistance to the flow of water across the area between the beach and foredune ridge.

The continuous foredune ridge is capable of blocking most storm surges and
preventing inland penetration of washover into the back-island area. Landward of the
foredune ridge is a backdune ramp that slopes down and merges with the vegetated
barrier flat. Storm waters can breach the dune ridge where it is weakened either by
devegetation or deflation, or where roads or paths have been cut through the dunes.
Continuous foredune ridges are present along some segments of Galveston Island and
Bolivar Peninsula.

Active dunes and blowouts form where the foredunes are weakened and unstable sand
migrates landward. Eventually the blowout may become so large that the active dunes
detach from the foreduvnes and migrate across the island. When the blowout enlarges and

the dunes detach, the deflation flat formed at the base of the dune ridge is a potential

14



washover channel and site for breaching of the foredune ridge. Currently there are no
large active dunes and blowouts in Galveston County. On East Beach, dune ridges and
isolated hummocky dunes located far inland from the foredunes are remnants of
foredunes that were preserved when the beach accreted.

Stable blowouts are hummocky, vegetated surfaces found landward of the foredunes
that are remnants of active blowouts and deflation flats. The blowouts are stabilized by
‘vegetation that covers the surface of the sand and prevents further migration. However,
the stable blowouts may become reactivated if the stabilizing vegetation is weakened or
destroyed. Currently there are no stable blowouts in Galveston County.

Back-island dunes, as the name implies, are located in the back-island areas of barrier
islands (fig. 2). They form there as a result of migration across the barrier, normally

during severe droughts. There are no back-island dunes in Galveston County.
Ordinal Ranking of Dunes

Assessments of dune criticality should be based not only on the physiographic setting,
dune characteristics, and types of dune present, but also on the function that the dunes
serve. To state that continuous dunes are more critical than discontinuous dunes is
misleading because each serves a different function. If only discontinuous dunes are
present, then clearly they are the most critical dunes that provide protection and therefore
require preservation from any human activities that would alter their function or cause
their destruction.

‘Dune types on or near the beach are ranked according to their function and the role
each type plays with respect to the other dune types:

1. High continuous foredune ridge.
- 2. High discontinuous foredune ridge.

3. Low continuous foredune ridge.
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4. Low discontinuous foredune ridge.
5. Vegetated coppice mounds
6. Barren coppice mounds.

The relative ranking of dunes varies according to location on the coast and the
specific conditions that prevail at any particular time and place. As presented here, the
ordinal ranking of dunes is idealized and contains all the possible dune types observed
along the Gulf shoreline. The entire ranking is most applicable to the south Texas coast
where there is abundant sand supply and the semi-arid climate promotes eolian processes
and the accumulation of wind-blown sand (White et al., 1978). Nevertheless, the ranking

is easily adapted to any setting along the coast where dunes are present.
RECENT HISTORY OF DUNE DEVELOPMENT, GALVESTON COUNTY

In 1961, an extremely large and intense hurricane (category 4) named Carla caused
severe property damage and beach erosion all along the Texas Coast. Hurricane Carla
obliterated the foredunes of Galveston County, and the Carla erosional escarpment can
still be observed at numerous sites on West Beach of Galveston Island and at a few sites
on Bolivar Peninsula. Aerial photographs taken by the U. S. Coast and Geodetic Survey
immediately after Carla show the damage inflicted on the dunes. After Carla, vehicular
traffic, beach maintenance, and public recreation did not prevent reformation of the dunes
or advancement of the vegetation line in either developed or undeveloped areas of
Galveston County where the beach is relatively stable (Morton and Paine, 1985).

High waves and backbeach flooding associated with hurricanes in 1980 (Allen) and
1983 (Alicia) again destroyed the dunes on Galveston Island and damaged those on
Bolivar Peninsula. After Hurricane Alicia, the most recent storm, several different
techniques were used to construct artificial dune ridges along the Gulf beaches of

Galveston County (Morton and Paine, 1985). One technique involved lining the
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backbeach with sand fences that create wind shadows causing deposition of wind-blown
sand and forming low, unvegetated sand ridges parallel to the beach. Another technique
involved placement of bundled Christmas trees and other debris on the backbeach to trap
sand blown landward by prevailing winds. By themselves, these téchniqucs have not
added substantial volumes of sand to the dune system, but they have contributed some
sand when combined with other techniques that add much larger volumes of sand to the
foredune complex. |

Post-Alicia artificial dune ridges were constructed along segments of Jamaica Beach,
Acapulco Village, Sea Isle, and Terramar subdivisions on Galveston Island and at
scattered localities on Bolivar Peninsula. In these areas, heavy equipment (dump trucks,
front-end loaders) was used to construct linear sand ridges about 6 ft wide at the base and
2 ft above the beach surface (Morton and Paine, 1985).

Artificial dunes composed of loose sand offer some immediate protection from
abnormally high tides, but they are vulnerable to wave attack. Another disadvantage of
artificial dunes is their tendency to prevent aggradation of the backbeach if they are
constructed seaward of and separated from the vegetation line. During post-storm
recovery, elevations of the backbeach normally are raised by minor flooding and sand
deposition, but the area between the vegetation line and an artificial dune ridge remains a
topographic low that ponds water. Artificial dune ridges at Sea Isle and Terramar caused
this type of interference with backbeach recovery (Morton and Paine, 1985).

Artificial dunes that offer the greatest resistance to erosion achieve their height by
enlarging in concert with plant growth. These dunes have a network of roots that
minimize erosion. The erosional resistance of planted experimental dunes was
demonstrated by Dahl and others (1982) along north Padre Island after Hurricane Allen.

During periods of low storm frequency, eolian processes can deposit substantial

volumes of sand along the backbeach as both natural and artificially nourished dunes.
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This accumulated sand has buried low concrete and wooden bulkheads, fences, and posts
that subsequently ha\}e been uncovered by Hurricane Alicia or other major storms.

Construction of dunes and advancement of the vegetation line are enhanced by
increasing backbeach elevation, blocking eolian sand transport, changing backbeach
morphology, planting native dune vegetation, and watering and fertilizing the plants.
Gulf-front property owners along West Beach of Galveston Island used these techniques
to artificially reestablish a vegetation line near its pre-storm position or to promote its
recovery. Nearly 80% of the beach front lots with buildings were filled and sodded after
Hurricane Alicia (Morton and Paine, 1985). Artificial sand dunes built with heavy
equipment or created by beach maintenance changed the backbeach shape and raised the
land surface. Native grasses either planted or growing naturally on these sand mounds
have flourished making it difficult to distinguish between artificial and natural dunes
without close examination.

Widespread manipulation of the backbeach and vegetation line were observed after
Alicia in developed areas and were detected by comparing beach width and beach shape
in developed and adjacent undeveloped areas (Morton et al., 1994). Measurements at
unaltered lots within subdivisions showed that artificial dunes, sand fences, and other
obstructions were placed 75 to 130 ft seaward of the natural post-storm vegetation line. In
some areas, such as Sea Isle subdivision, these modifications covered about half of the
beach width (Morton and Paine, 1985).

Immediately after Hurricane Alicia, manipulation of the dunes and vegetation line
were restricted to developed areas, but during the past 12 years, the dunes and vegetation
line along most of the Galveston County Gulf beaches have been altered by scraping and

dumping activities (fig. 3).

18



10

Beach Profile at BEG-3 (Sea lIsle)
Impact Index 4

natural dunes

sand

sand
mound

mound

Height (ft)
<

vegetation line

5 -
-10 . T r T v T v r v r -
-100 0 100 200 300 400 500

Distance (ft)

Figure 3. Beach and dune profile at BEG-3 showing substantial modifications to the dune
system caused by beach maintenance activities. The high natural dunes formed after
Hurricane Alicia. Subsequent construction of sand mounds seaward of the backbeach

road and episodic seaward movement of the road and sand mounds have resulted in major
modifications to the backbeach and dune system.
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HUMAN MODIFICATION OF DUNES
Public Beach Access and Dune Alterations

The preceding discussion emphasizes the function and importance of foredunes in
geological processes and natural hazards. Equally important is an understanding of
alterations in the natural beach-dune system as a result of increased use of the beach.
Little has been done to prevent adverse effects of beach maintenance and vehicular traffic
because of a lack of scientific data documenting the adverse impacts. During the past 50
years, beach traffic and maintenance have increased from only occasional occurrences
with no lasting adverse effect on the dunes to practically continuous use and maintenance
with possible unforeseen impacts on dune stability.

Unique political and social conditions in Texas permit easy vehicular access to many
of the Gulf beaches. Although beach access is controlled, the amount of traffic up and
down the beach is not controlled except in certain densely populated areas. In Texas,
increased demands for beach recreation partly translates to increased beach traffic.

From field observations and beach profiles (Appendix A) it is apparent that beach
scraping and vehicular traffic along the backbeach prevent the formation of coppice
mounds and thus eliminate most of the sparse vegetation. Prevention of natural sand
accumulation and concomitant decreases in backbeach elevation enhance erosion of the
foredunes by lower storm surges. Furthermore, a given storm will probably cause greater
damage to the dunes because of the increased erosion that results from eliminating the
reserve of sand provided by the coppice mounds.

The beaches of Galveston County are scraped frequently to remove the natural
accumulation of seaweed and other debris that wash ashore from the Gulf. The sand and
debris scraped from the beach is usually placed just seaward of the natural dunes or in

low interdune areas. Beach cleaning can create artificial dunes and cause unnatural
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advancement of the vegetation line. These activities can redistribute substantial volumes
of sand on the beach. Some of the post-Alicia dune development and accumulation of
sand attributed to sand fences and natural accumulation partly reflect the beach cleaning
activities.

Cars typically drive on the dry beach between the berm crest and the dunes, whereas
beach scraping typically is concentrated between the water line and the dunes. Together
beach traffic and beach maintenance partly control the position of the dunes and
vegetation line. If the dunes are eroded by a major hurricane, beach traffic and cleaning
following the storm can slow or prevent post-storm dune recovery and natural seaward
advance that normally follows. In that case the beach activities would artificially maintain
the dunes and vegetation line in a more landward position. This impact of human
activities on the dune system can be observed at Malaquite Beach, Padre Island National

Seashore on adjacent beaches with and without beach traffic.
Ranking of Human Impacts

The “Index of Human Impact on Dunes and Vegetation” (Table 3) is a conceptual‘
classification that ranks the degree to which the beach and foredunes have been modified
by human activities. The ranking is based on physical criteria such as (1) width of the
area impacted, (2) type of fill and consistency of the fill material with the natural dune
system, (3) ratio of trash to sand in the fill, (4) total volume of the fill, and (5) the degree
of profile alteration. The classification scheme was developed to provide a basis for
distinguishing natural dunes from vegetated or barren sand piles containing trash and
other beach debris. The classification can be applied to any coastal segment and it is not
restricted by geographic area. The classification was used to grade all beach profile sites
from San Luis Pass to High Island as part of the GLO/NRI dune surveys conducted in
September, 1994.
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Table 3. Index of human impact on dunes and vegetation.

Index Description

0 No visible impact of beach scraping or evidence of backbeach dumping. Dune
morphologies and plant communities are natural. Essentially no modification of
beach and dune profile.

1 Low, small-volume mounds of sand containing some minor beach trash such as
Sargassum. Trash represents less than 20% of mound volume. Altered zone is
narrow relative to the entire beach width.

2 Low, small-volume mounds of sand and some minor beach trash such as
Sargassum and small pieces of wood. Trash represents less than 33% of mound
volume. Altered zone is narrow relative to the entire beach width.

3 Moderately large mounds of sand at least 3 ft high. Mounds composed of
approximately 33% trash including moderately large pieces of wood or other
debris. Several rows (2-3) of modified dunes or sand mounds. Altered zone is
moderately wide relative to the entire beach width.

4 Moderately large mounds of sand greater than 3 ft high. Mounds composed of
more than 33% trash. Multiple rows of modified dunes or sand mounds forming
moderately wide zone relative to the entire beach width. Modified area may
include bypass zone(s) representing former backbeach road(s).

5 Large mounds of sand up to 6 ft high. Mounds composed of as much as 50% trash
containing large logs, cut wood, tires, appliances, and concrete or other rubble.
Multiple rows of modified dunes or sand mounds forming wide zone relative to
the entire beach width. Modified area may include bypass zone(s) representing
former backbeach road(s).

The 1994 beach and dune topography at BEG profile 3 (undeveloped segment
northeast of Sea Isle) was annotated from field observations at the time the survey was
conducted (fig. 3). There is a broad zone of backbeach area that has been “removed” from

the public beach by massive manipulation of the backbeach topography. The line of
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vegetation covering the sand piles formed by beach scraping is about 115 ft seaward of
the toe of natural dunes that formed after Alicia. The survey indicates that each
successive sand-pile ridge is lower and farther seaward from the succeeding ridge. It
appears that this may be an attempt to bring the modified vegetation line to the same
position on the undeveloped beach as the artificial vegetation line seaward of the houses
at Sea Isle. This is only one of many examples where the foredunes and position of the
vegetation line are artificially controlled by beach cleaning activities.

At most profile sites, there are close correlations among development density, beach
stability, and the impact index of beach and dune modification. Impact indices generally
are low where the beach segment is undeveloped and the beach is retreating. At those
sites there is little pressure to clean the beach, and the backbeach is narrow and incapable
of preserving sand piles placeci there in conjunction with beach cleaning. Examples of
this are at profiles BEG-4 to GLO-3 (Table 1). There are several examples of low impact
indices where erosion is minor or the beach is stable. Beaches are scraped infrequently at
Galveston Island State Park (GLO-6 and BEG-2), consequently, the impact index is low.
The impact index is also low at BEG-6 and GLO-13 because these beach segments are far
from any residential development. Impact indices generally are high where the beach is
stable or accreting and the beach is so wide that several rows of sand piles and
intervening abandoned roads are preserved on the former backbeach (fig. 3). Good
examples of this setting are at BEG-3, GLO-7, and GLO-11. Exceptions to this
relationship are found at GLO-23 and 24 (Appendix A) where the beach is eroding, but
the sand and shell piles pushed up on the backbeach dominate the beach morphology.

The cumulative impact of beach cleaning activities in Galveston County is reflected
in the distribution of impact indices. Of the 32 profile sites, only 9 sites have rankings of
2 or less, whereas 23 sites have impact rankings greater than 3 (Table 1). The low impact

rankings are uniformly distributed with three each. The most common levels of beach and
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dune impact are 3 and 4 (Table 1), which indicates significant human alterations to the

backbeach and dune morphologies all along the shore.
DISTRIBUTION OF DUNE TYPES, GALVESTON COUNTY

Dune development is limited in Galveston County because of the relatively high
annual rainfall and limited supply of sand to Gulf beaches. The climate is the most
significant limiting factor as demonstrated by the lack of high dunes even where sediment
supply is abundant. East Beach on Galveston Island and Bolivar Flats on Bolivar
Peninsula receive so much sand that the beach is either stable or accreting. Despite the
abundant supply of sand, the dunes of both beach segments are no more than 11 ft high.
The highest natural dunes in Galveston County are located along the undeveloped
segment of West Beach northeast of the Sea Isle subdivision (fig. 3).

The Gulf beaches of Galveston County offer a spectrum of natural and humanly
altered conditions (Appendix A). At one extreme are beach segments where there is no
visible evidence that the beach morphology has been altered by vehicular traffic or beach
cleaning operations. On the other extreme are long beach segments in subdivisions and in
undeveloped areas where the highest accumulations of sand in the backbeach are almost
entirely an artifact of human activities. —

The following account describes the dunes along the Gulf shore between San Luis
Pass and High Island (Apbendix A). At the southwestern end of Galveston Island
(BEG-4), the highest elevations near the backbeach of about 10 ft are associated with a
washover terrace constructed during Hurricanes Carla and Alicia. Discontinuous and
sparsely vegetated dunes with a maximum elevation of about 8 ft are forming seaward
and below the post-Alicia erosional escarpment. To the northeast, from GLO-1 to GLO-3,
the dunes are low, discontinuous, and poorly developed. Maximum elevations of the dune

crests range from about 7 to 11 ft, and maximum elevations and dune development
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generally decrease to the northeast. At Terramar and Sea Isle subdivisions, the vegetated
sand mounds forming the seaward edge of the developed lots are almost entirely artificial.
These densely vegetated sand mounds were largely constructed by filling the lots,
constructing sand ridges with heavy equipment, and placing sand fences on the ridges to
increase their mass and elevation (Morton and Paine, 1985).

A moderately high, continuous, densely vegetated foredune ridge has formed
naturally since Hurricane Alicia along the undeveloped beach northeast of Sea Isle. The
dune ridge is the highest and most continuous dune complex on Galveston Island, and is
typified by profiles at GLO-4 and BEG-3 (fig. 3). These dunes rise about 12 ft above the
backbeach and have maximum elevations of about 15 ft.

Natural post-Alicia dunes in the vicinity of GLO-5 are about 10 ft high, continuous,
and densely vegetated. The natural foredunes also have been supplemented with several
rows of large vegetated sand mounds containing abundant wood. The zone of sand
mounds seaward of the foredunes is about 75 ft wide. A zone of vegetated sand mounds
also occupies the seaward edge of lots in the Indian Beach, Acapulco.Village, and
Jamaica Beach subdivisions.

A narrow, continuous, densely vegetated natural foredune ridge has formed along the
Gulf beach of Galveston Island State Park. These post-Alicia foredunes, which have
maximum elevations of about 10 ft, have been supplemented with low, vegetated sand
mounds derived from beach scraping. The low dunes and sand mounds in the park are
illustrated at GLO-6 and BEG-2.

The low vegetated sand mounds along the seaward edge of the Pirates Beach
subdivision are almost entirely artificial, and were constructed after Hurricane Alicia in a
manner similar to the artificial dunes in other subdivisions on West Beach. Just northeast
of Pirates Beach at GLO-7, the backbeach morphology has an impact index of 5 because

the hummocky zone seaward of the Alicia escarpment is composed almost entirely of
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dumped trash (logs, tires) and several rows of large sand mounds and debris. The zone is
about 100 ft wide and maximum elevations of the sand mounds are about 9 ft.

The rows of low, vegetated sand mounds along the seaward edge of the Bermuda
Beach subdivision are mostly artificial. They were formed by the same dune conﬁtruction
activities that occurred in the other beach-front subdivisions after Hurricane Alicia. At
GLO-8, which is an undeveloped beach segment just northeast of Bermuda Beach, a
narrow natural dune ridge about 10 ft high has formed. Seaward of the dune ridge is a
hummocky zone of sand mounds containing some wood and other beach debris. The piles
of sand and debris were placed in the backbeach in conjunction with beach cleaning
operations.

Continuous beach erosion have prevented the formation of large foredunes at BEG-1
and GLO-9. Some wind blown sand has accumulated above the Alicia erosional
escarpment (Morton and Paine, 1985), and ‘thc elevation of the narrow natural foredune
ridge is about 11 ft.

The profiles at GLO-10, 11, and 12 show that the foredunes on East Beach are
variable in height and in the degree of human modification. The natufal foredunes are
narrow, moderately continuous, densely vegetated, and range in height from 8 to 11 ft.
Beach cleaning activities have created several rows of large sand mounds containing
wood and other beach debris. The substantial alterations to the backbeach, which have
artificially advanced the vegetation line, have an impact index of 3.

On the southern end of Bolivar Peninsula (GLO-13), the natural foredune ridge is
narrow and about 10 ft high. The broad zone of low, sparsely-vegetated hummocks
between the foredune ridge and barren backbeach is a product of long-term beach
accretion (Paine and Morton, 1989). The accumulation of sand at the berm crest and on
the forebeach has prevented the formation of large dunes despite the surplus of sand
supplied to the beach. The impact index is low (1), and with the exception of this site, all

the other beach segments on Bolivar Peninsula have impact indices of 3 to 4.
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Backbeach and dune morphology are similar along the undeveloped beach segmeﬁts
represented by GLO profiles 14-17. At all four sites the foredunes are narrow, densely
vegetated and separated from the barren backbeach by a zone of vegetated sand mounds
produced by beach cleaning activities. Heights of the natural foredunes rise from 8 ft at
GLO-14 to 11 ft at GLO-17. The total volume of sand in the foredune complex consisting
of natural eolian accumulation and beach scraping also is greatest at GLO-17.

The profiles at GLO-18 and GLO-19 are within developed beach segments and they
both exhibit similar characteristics. The backbeach is substantially altered by the artificial
construction of sand mounds containing abundant beach debris. The multiple rows of
sand mounds are covered by moderately dense vegetation except the most recent mounds,
which are barren. The mounds are about 9 ft high at GLO-18 and only about 7 ft high at
GLO-19. The impaét indices at these two sites are 3.5 and 4.0 because most of the
elevated sand accumulation is the result of beach maintenance operations.

The beach profile at Caplen (BEG-9) is unique in its morphology and recent history.
The highest elevations, which are about 10 ft, are associated with the barrier flat. An
erosional escarpment formed in 1961 by Hurricane Carla, separates the barrier flat from
the vegetated hummocky zone of eolian sand. This undeveloped beach segment contains
abundant shell material and has a high backbeach elevation, consequently the impact of
beach scraping is insignificant.

The profile at GLO-20 reflects overwash processes and long-term beach erosion. The
beach is narrow and steep, and it is composed mostly of oyster shells. The highest
elevation above the washover ramp coincides with a low mound of eolian sand. A few
low sand mounds of beach trash form the landward edge of the backbeach.

The profile at GLO-21 reflects storm processes, moderately high erosion rates, and
some beach cleaning activities. There are no natural dunes at this site, and the highest
elevations (about 6 ft) coincide with a washover terrace that forms the vegetated barrier

flat. An erosional escarpment separates the barrier flat from a narrow zone of beach trash

27



that forms the landward edge of the backbeach. This beach segment is just southwest of
Rollover Pass where recent erosion rates have averaged about 1.5 ft/yr (Paine and
Morton, 1989).

Profiles GLO-22, GLO-23, High Island (BEG-10), and GLO-24 all represent
undeveloped beach segments east of Rollover Pass. Along this beach segment the beach
is narrow, steep, and contains abundant shell and caliche nodules. Natural dunes are
poorly developed and the vegetated coastal plain is separated from the beach by low,
densely vegetated sand mounds constructed from beach cleaning. The sand mounds have
trapped some eolian sand to form a more continuous ridge or row of mounds. The highest

elevations on the sand mounds are about 8 ft.
CONCLUSIONS

The foredunes of Galveston County range from low, isolated, sparsely vegetated
coppice mounds to continuous, densely vegetated foredune ridges that are as much as
15 ft high. Natural dune development is directly related to beach stability (erosion,
accretion), sédiment supply, and recent storm history. Most of the natural dunes and
beach morphology have been modified by beach maintenance whereby sand and beach
debris (wood and other trash) are scraped from the beach and dumped in the backbeach
seaward of the natural dunes. These activities add volume to the dune complex and
artificially advance the vegetation line seaward.

The degree of artificial dune modification can be evaluated using an impact index,
which is a ranking from 0 to 5. The impact index is based on the composition of the fill,
width and height of the fill, and the extent of the fill compared to the entire beach width.
A zero ranking indicates that there is no visible evidence of dune alteration, whereas a 5
indicates that the alterations are major and typically consist of multiple rows of large

mounds containing sand and abundant debris or other unnatural fill such as tires,
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appliances, and trees. Most beach segments in Galveston County have impact indices of
at least 3.

In general, the foredunes of Galveston County are narrow, relatively continuous,
densely vegetated, and less than 11 ft high. These characteristics mean that the dunes
provide adequate protection from washover and flooding by weak to moderately strong
hurricanes (< category 3), but are vulnerable to' complete destruction by more intense
storms (category 3-5). The dunes have been either severely damaged or totally destroyed
twice in the past 35 years. Dune reformation is a slow process that can be enhanced or

limited by human activities.
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APPENDIX A

Beach and Dune Profiles of Galveston County
Recorded September, 1994
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APPENDIX B

Data Sheets and Comments for
Beach and Dune Profiles of Galveston County
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APPENDIX C

GPS State Plane Coordinates for
Dune Protection Line and Vegetation Line, Galveston County



PROFILE/FEATURE

BEG-04 Dune Line
BEG-04 Vegq. Line
GLO-01 Dune Line
GLO-01 Veg. Line
GLO-02 Dune Line
GLO-02 Veg. Line
GLO-03 Dune Line
GLO-03 Veg. Line
GLO-04 Dune Line
GLO-04 Veg. Line
BEG-03 Dune Line
BEG-03 Veg. Line
GLO-05 Dune Line
GLO-05 Veg. Line
BEG-07 Dune Line
BEG-07 Veg. Line
GLO-06 Dune Line
GLO-06 Veg. Line
BEG-02 Dune Line
BEG-02 Veg. Line
GLO-07 Dune Line
GLO-07 Veg. Line
GLO-08 Dune Line
GLO-08 Veg. Line
BEG-01 Dune Line
BEG-01 Veg. Line
GLO-09 Dune Line
GLO-09 Veg. Line
GLO-10 Dune Line
GLO-10 Veg. Line
GLO-11 Dune Line
GLO-11 Veg. Line
GLO-12 Dune Line
GLO-12 Veg. Line
GLO-13 Dune Line
GLO-13 Veg. Line
GLO-14 Dune Line
GLO-14 Veg. Line
GLO-15 Dune Line
GLO-15 Veg. Line
GLO-16 Dune Line
GLO-16 Veg. Line
GLO-17 Dune Line
GLO-17 Veg. Line
GLO-18 Dune Line

EASTING

3243372.98
3243479.16
3248646.71
3248683.17
3253986.14
3254046.99
3258729.16
3258761.75
3266377.18
3266511.09
3270760.46
3270899.02
3275592.15
3275705.65
3282371.03
3282453.04
3286582.72
3286668.82
3291448.74
3291512.04
3299772.76
3299833.69
3305314.24
3305364.44
3308584.21
3308644.48

3312420.47

3312461.37
3349864.55
3349943.62
3352826.24
3352936.43
3356599.79
3356696.84
3360941.99
3361208.80
3365683.99
3365815.03
3371276.92
3371421.25
3378965.89
3379053.01
3387521.08
3387587.50
3396677.71

100

State Plane (Tx, SCen Zone)Clarke 1866, NAD27
Survey Feet, 1m=3.2808333 ft

NORTHING

479373.42
479265.10
484144.48
484098.83
488701.01
488626.74
492521.81
492481.17
498666.59
498495.74
501959.37
501777.54
505485.72
505347.17
510457.05
510354.58
513529.85
513415.73
517013.08
516926.18
523012.93
522934.64
527023.70
526952.02
529462.54
529373.41
532300.57
532245.07
560985.66
560890.31
563467.21
563330.32
566478.63
566360.62
586972.70
586881.97
595391.10
595300.61
601561.18
601409.52
607555.78
607419.51
613139.47
613046.54
618488.96



GLO-18 Veg. Line
GLO-19 Dune Line
GLO-19 Veg. Line
BEG-09 Dune Line
BEG-09 Veg. Line
GLO-20 Dune Line
GLO-20 Veg. Line
GLO-21 Dune Line
GLO-21 Vegq. Line
GLO-22 Dune Line
GLO-22 Veg. Line
GLO-23 Dune Line
GLO-23 Veg. Line
BEG-10 Dune Line
BEG-10 Vegq. Line
GLO-24 Dune Line
GLO-24 Veg. Line

3396727.89
3403789.58
3403809.66
3412954.54
3412985.88
3421607.22
3421632.34
3428830.04
3428853.16
3437975.79
3437996.98
3446293.28
3446320.83
3456407.03
3456440.23
3465635.60
3465660.17

618412.46
622332.62
622291.28
627048.89
626987.91
631368.72

631318.56

635108.97
635064.64
639453.74
639410.32
643442.19
643381.34
648217.04
648146.84
652550.45
652504.09
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