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Introduction

When viewing barrier beach coasts and formulating public policy
regarding our coastal resources, we need to consider both the barrier island
and the estuarine-bay-lagoon system behind the island asanintegrated whole.
The key assumption implied in our present policies is that wherever barrier
islands are migrating landward (transgression) due, e.g., to sea level rise, the
mainlandshoreline migrates at the same rate to maintain a constant surface
area in the bay. Therefore, migrating barrier islands will not cause further
reduction of estuarine habitat. Our limited evidence as presented in this
paper shows this assumption to be incorrect. The mainland coastline remains
relatively fixed as the barrier island moves, resulting in a loss of
estuarine-bay-lagoon surface area. A national assessment effort is needed to
put this relative loss in perspective.

Figure 1 schematically summarizes historical trends in U.S. national
polices toward the coastal zone. Prior to World War II, navigational
requirements for ports andharbors governed arelatively simple coastal policy.
Since the 1950's, revelations in coastal geomorphology and marine
biology/ecology have resulted in major public policies being separately
established for barrier islands and estuary-bay systems. These policies are
herein summarized as paradigms of conventional wisdom as we enter the last
decade of the 20th-century. Coastal zonemanagement is far morecomplex
now that environmental and ecological concerns, recreation and tourism
needs, and other multiple uses of coastal resources are included. The final
section of this paper discusses a new, integrated island-bay public policy that
will require an expanded, elevated, and shifted view of the coastal zone, a
new paradigm.

Revelations from Coastal Geomorphology Since the 1950's

Barrierbeach-bay systems make up about 35% of the U.S. coastline.
Barrier beaches arenature's mechanism for protecting the bays, lagoons, and
estuaries that lie behind them. The reduced wave energy environment
characteristic of these protected areas permits the retention of cohesive
sediment and grasses in tidal marsh areas. Since the 1950's, coastal geolo
gists have done an outstanding job of explaining the dynamic nature of and
the many types of barrier beach systems found along our coasts (see, e.g.
Leatherman, 1988 for anintroduction). Inmany locations, landward migration
(transgression) of barrier beaches is occurring and is attributed to sea level
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rise, as depicted in Figure 2 (from Dolan and Lins, 1987).

Two mechanisms for landward migration have been put forward:
rollover due to washover events during storms and the creation of new tidal
inlets and sand trapping in the tidal deltas. Leatherman (1988) has concluded:

"Overwash is not the dominant process by which most
barriers move landward since the amount of sediment

transported by this means is too small. Inlet formation,
when tidal currents cut a channel below sea level, moves far
greater quantities of sediment into a lagoon over the
longterm and is the major process for barrier migration"
(p.63).

In either case, the picture emerges of a moving barrier beach and
estuarine bay system as depicted in Figure 2. A key assumption (often
implied) is that the mainland boundary also migrates at the same rate to
maintain a constant surface area in the estuary-bay-lagoon system. This
assumption is the main focus of this paper.

Research by coastal geologists, oceanographers, and other scientists
is producing a better understanding of the migration mechanism and
developing models to predict potential breaching and new inlet formation.
However, what we here call the "barrier migration paradigm" has served to
fundamentally change public policy over the past 30 years regarding
management of the coastal zone.

Public Policy Decisions Based Upon the Barrier Migration Paradigm

In 1977, the U.S. Departmentof the Interiorordered a study of over
forty federal government programs that impacted upon barrier island
development. These studies were the direct result of the revelations of
coastal geomorphologists, i.e. the "barrier migration paradigm," that were
brought to a focus in the famous position paper of a number of notable
contributors in 1981 (Pilkcyet al.,1981). The political impact of these efforts
was immediately focused and resulted in the Coastal Barrier Resources Act
(CBRA) of 1982 (P.L.97-348) that established a systemof 186coastal barriers
alongthe Atlantic Ocean andGulf of Mexico. This lawprohibits most federal
expenditures that encourage development on barrier islands (e.g., for road,
sewer, and water supply systems).

At the risk of over-simplification, the argument for no construction
stems from the belief that island migration landward is dominated by the
rollover mechanism due to washover events. Therefore on "natural" islands
with no fixed reference lines (roads, water towers, buildings, etc.) by which to
measure shoreline movements, no coastal shoreline retreat, recession, or
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"erosion" is talcing place because the entire barrier island system is moving as
one entity. It is only after humans "draw aline" (e.g., construct aroad) on the
moving systemthat coastal erosion canoccur. There is no coastal erosion of
amoving barrier beach reference system until a fixed line is drawn by which
to reference the movement.

Once development has been permitted, some form of shore
protection measure is often undertaken at specific locations when the
shoreline recession threatens permanent resources (roads, bridges, buildings,
etc.) and if the benefits exceed the costs over the design life of the project.
Three options exist for shore protection: strengthening dunes and beach
renourishment; sand trapping systems to widen beaches; and coastal armoring.
Combinations of one or more of these options are also possible. Coastal
armoring includes seawalls, bulkheads, and revetments, and will be referred
to as "seawalls" or the "hardfacing" option. Because of their great expense,
seawalls are usually only constructed along highly developed shorelines
experiencing a recessional trend and subject to storm-induced water level rise
with accompanying wave energy. In many cases, recreational beaches are also
present in such areas.

Thedegree to which a seawall affects theadjacent beach is the focus
of much recent attention (e.g. Kraus and Pilkey, 1989). To some, the entire
blame for shoreline erosion is directed toward seawalls, e.g. "...seawalls
actually increase erosion and destroy the beach" (Pilkey and Wright, 1988).
In effect, the seawall has become the readily available "fixed reference line"
to measure shoreline recession. An equal case could be made for the first
road constructed on the moving system since shrinking beach widths result
when the road gets close enough to the shoreline. Is the road "...increasing
erosion and destroying the beach?" Basco (1990) has shown that theoffshore
boundary conditions (bathymetry, wave climate) must also be considered
whenever field studies of "hardfacing" versus "soft" sections of coastlines and
resulting shoreline movements are conducted. Much additional research is
needed to understand the short-term and storm-related interactions of
seawalls and adjacent beaches. Two states (North Carolina, Maine) have
passed legislation prohibiting the hardfacing option for mitigating problems
associated with shoreline recession.

We may summarize this public policy as follows. Let the barrier
islands migrate landward. All efforts to stabilize migration are economically
unsound in the long run when (only) the value ofproperty built on the barrier
is considered. The federal government should not subsidize an economically
unsound policy. Further reading on recent development in barrier island
processes and management can be found in Stauble (1989).

Revelations from Coastal Marine Biology and Ecology Since the 1950's
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As stated above, barrier beaches are nature's mechanism for
protecting the bays, lagoons, and estuaries that lie behind them. Since the
1950's, coastal marine biologists and ecologists have also done an excellent job
of explaining the dominant role that estuaries play in the coastal ecosystem
(see, e.g. Bean, 1978). The estuarine system (adjacent ocean waters, tidal
inlet, estuary, bays, lagoons, and freshwater inflows) results in salinity and
current patterns over space and time that dominate the lifecycles of many
marine animals. Simply stated, fish and crustaceans require various salinity
and energy levels (waves and currents) during various stages in then-
development cycles. They also require thenutrients found in thewaters and
marshes ofthe estuary to sustain growth. The estuary, bays, lagoons, etc and
their adjacent wetlands are breeding grounds for much of marine life as we
presently know it. They are also important nurturing areas for water fowl and
breeding grounds for wading birds. The biological productivity of the
estuarine coastal zone is the highest of all ecosystems on the earth.

Research is continuing by marine biologists, biological
oceanographers, coastal ecologists, and fish and wildlife experts, etc. tobetter
understand the role that tidal and nontidal wetlands play in the food cham of
the earth's ecosystem. However, what we herein call the "wetlands value
paradigm" has served to fundamentally change public policy over the past 30
years regarding management of the coastal zone.

Public Policy Decisions Based Upon the Wetlands Value Paradigm

In 1979, the U.S. Department of Interior (Fish and Wildlife Service)
also began astudy called the "National Wetlands Trends Analysis" to quantify
the changes in wetlands that had occurred over a20-year period (mid-1950's
to 1970's) through natural and man-made influences. The main finding or
conclusion was an estimated 458,000 acres of net annual national wetlands
loss. The study distinguished between coastal (tidal) and inland (nontidal)
wetlands and lakes. The vast majority (96.5%) ofthe total wetlands losses,
during this period, 11.5 million acres, were in nontidal, inland areas (forested
wetlands, shrub swamps, and freshwater marshes). The escalating demands
for agricultural lands accounted for 87% of total wetland losses.

The significant trends in tidal, coastal wetlands (vegetated marshes)
showed a net loss of 372,000 acres over the study period, much of which was
due to conversion into open water bays and sounds in Louisiana, Texas and
Florida. For example, most of Louisiana's losses are due to relative sea level
rise, subsidence ofthe coastal plain, levee construction, channelization, and oil
and gas extraction. Man's direct contribution to losses of coastal wetlands
occurs primarily in urban areas due to dredging and filling operations for
developments. Florida's coastal wetlands loss is primarily due to such
development.
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Coastal marine scientists led the effort to enact legislation against
marsh filling by developers. The result was passage of estuarine/marsh
mitigation legislation (1982) requiring the U.S. Army Corps of Engineers
review for permitting purposes and basic rules for replacement of lost
wetlands with newly created wetlands areas ofequal value-called mitigation
The replacement area must be equal to or greater than that lost to develop
ment for new roads, schools, houses, etc. The permit process has grown to
include other federal government agencies (EPA, FWS, etc.) and was
extended to nontidal (freshwater) wetlands in 1988. It was encapsulated in the
phrase "no net loss of wetlands" during the presidential campaign of 1988.

In summary, this public policy regarding wetlands says: America's
wetlands are shrinking. Alterations must be monitored and any losses
mitigated to conserve existing wetlands. The federal government is opposed
to aU destruction of coastal marshes. Further reading on recent developments
in the estuarine sciences and management policies can be found in the
proceedmgs ofthe coastal zone management conferences (i.e. Magoon, 1990).

Estuarine/Marsh Area losses Due to Barrier Island MWaHnn.w..
Examples

We now wish to review a few examples where the above-stated
paradigms and resulting public policies toward coastal zone management are
in direct conflict. The barrier islands are moving landward primarily as a
result of tidal mlet formation and this has resulted in the shrinkage of the bay
surface area behind the island, with subsequent loss ofcoastal wetlands. The
net result is that one public policy toward managing barrier islands is
negatively impacting another public policy aimed at preserving wetlands. Part
of the problem is the often implicit assumption that the mainland shoreline
migrates with the barrier shoreline to preserve aconstant surface area ofthe
estuarine bay system. This assumption is incorrect, as evidenced in the
examples described below. Asecond consideration is the relative value ofthe
loss ofcoastal wetlands through their transformation into open, high-energy
ocean areas at tidal inlets.

Sinepuxent Bay at Assateaque Island, MD.

The August, 1933 hurricane along the eastern seaboard ofthe US
created a new tidal inlet at Ocean City, MD. Shoreline movements along
Aaateague Island south of the inlet were examined by Uatherman et af
(1987) for pre-inlet, post-inlet (with jetties), and projected future conditions,
t-igure 3 shows the shoreline position in the 1840's and in 1980. Prior to
formation of the new inlet, average shoreline recession was about 3m/yr
Creation of the new inlet caused aMold increase in this recession rate, arate
also affected by the construction of jetties and the absence of sediment
bypassing to mitigate entrapment by the updrift (northern) jetty. The large
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impoundment offset atOcean City and its acceleration of erosion rates along
Assateague Island's northern end has resulted in recent studies of alternatives
to mitigate the problem by the National Park Service, caretakers of the
Assateague Island National Seashore. Leatherman, et al. (1987) discuss the
major impacts and benefits of each alternative and also the potential for
formation of another new inlet that would leave the Ocean City Airport
directly exposed to the Atlantic Ocean before the year 2020.

Butwhat about Sinepuxent Bay? For thebay north of the causeway,
ourestimates show that923 acres (1.44 sq.mi) of surface bayarea have been
lost between 1840/50 and 1980. This amounts to almost 25% of theoriginal
bay area in about 135 years. In this analysis, we have maintained the barrier
width (400-700 feet) and a fixed mainland bayshore position as found by
Leatherman (1984).

The major impacts and benefits cited byLeatherman et al. (1987) for
the alternatives studied to mitigate erosion problems on Assateague Island
(including no action) fail to include any major impacts and benefits to
Sinepuxtent Bay. The mitigation alternatives studied were various
combinations of initial beach nourishment, annual beach renourishment for
maintenance, and artificial dune formation to either maintain theexisting or
restore the 1965 shoreline (when the National Seashore was established).
Stabilizing the barrier island position would also result ina stable surface area
for Sinepuxtent Bay and prevent the continued loss of estuarine benthic
habitat and coastal marsh areas.

Mctompkin Bay at Metompkin Island, VA.

Metompkin Island isone of 14barrier islands located along the outer
coast of the Delmarva Peninsula, orthe"eastern shore," south of Ocean City,
MD. Analysis of the historic shoreline position between 1852 and 1988, along
with the decrease in average barrier island width over this time, has been
performed by Byrnes et al. (1989). Behind the island lies Metompkin Bay.
We have assumed no movement of the mainland shoreline in the bayin our
analysis of bay surface area but have included the given reduction in mean
island width (i.e. 650m wide in 1850's down to 150m in 1980's). The net loss
of bay surface area is 173 acres over a 136-year period. Frequent tidal inlet
creation after 1955 has created a prominent mid-island offset due to
differential rates of shoreline retreat (low in the north and high south of the
inlet).

These historic trends are compared with storm-induced changes in
Metompkin Island resulting from Hurricane Gloria in 1985 by Byrnes and
Gingerich (1987). Evidence in this paper supports the overwash mechanism
for island retreat associated with this storm event.
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Pleasant Bayat Nauset Beach Spit, Chatham, MA

The barrier island spit called Nauset Beach separating Pleasant Bay
from the Atlantic Ocean at the town ofChatham, MA was breached during
a severe "northeaster" on2 January 1987. The break occurred very near the
location where beach renourishment had been recommended in 1968 by the
U.S. Army Corps of Engineers to strengthen the island (Army COE, 1968)
and just south of the location predicted by Giese (1978) for the next breach
of the spit. Analysis byseveral investigators suggested a cyclic process with
a period of 140-150 years for (1) tidal inlet formation, (2) southerly drift of
the inlet, (3) eventual disintegration of the southern segment, (4) continued
southern longshore drift and spit growth, and (5) eventual re-establishment of
a continuous Nauset Beach Spit as existed prior to the new breach in
1987.(Goldsmith, 1972; Giese, 1978, 1988; McClennen, 1979).

Fessenden and Scott (1989) described the formation of the tidal inlet,
which was over one mile wide after 20 months. The most significant physical
effects of the breaching were extensive shoaling and shoreline erosion along
the interior coastline at Chatham, MA. Corps of Engineers efforts to
marshal! a joint team effort to address the problem were also discussed.

Giese et aL (1989) reported ontheir monitoring efforts to understand
the impacts of tidal inlet formation on the physical characteristics of this
barrier beach-estuary system. These included morphology, tidal amplitude
and phase, tidal circulation, wave pattern, and sediment transport within the
system. The physical system has become controlled by the large tidal inlet
which is forcing rapid adjustments in the system's biological and human-use
characteristics. These authors also conclude:

"As an alternative means of environmental management,
communities may find that they are better able to preserve
their coastal and estuarine resources bypredicting and plan
ning for tidal inlet changes than by attempting to prevent
them"(Giese et al., 1989).

To the author's knowledge, extensive studies of the biological and
ecological impacts of new tidal inlet formation have not been conducted for
Pleasant Bay and Chatham Harbor. The joint study effort developed by the
Corps and the scientific communities (Fessenden and Scott, 1989) fails to
include those federal, state, and local agencies directly involved in tidal
wetlands preservation and mitigation. The loss ofvegetated wetlands (coastal
marshes and bottom areas) due to conversion to open water, higher energy
ocean environments must be placed in perspective bythemarine biology and
ecological scientific community. The conclusion quoted above from Giese et
al. (1989) might be completly reversed if it is based on the balanced
perspectives of both the"barrier island migration" paradigm and the"wetlands
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value" paradigm for coastal zone management.

Back Bay Behind Sandbridge Beach, VA

The final example considers the southeastern coast of Virginia that
includes a narrow region of sandy coast which bridges the northern and
southern mainlands fronting the Atlantic Ocean and Back Bay, VA. This
narrow strip of sand, appropriately named Sandbridge, has experienced a
long-term average shoreline recession rate of about lOft/year (1858-1984)
(Everts et al., 1983). This is due to local bathymetry, wave energy focusing,
and net drift out of the region in both directions (nodal point). As a result,
the barrier width is less than 720 ft in some locations.

As shown by Dolan (1985), Sandbridge Beach is narrower today than
any of the barrier islands that were breached in the last 100 years along the
mid-Atlantic coast. Consequently, a new tidal inlet is predicted to occur at
Sandbridge as a result of a strong storm surge event.

The Corps of Engineers has completed a study of the economic
benefits of a beach renourishment project at Sandbridge, primarily for flood
damage mitigation (COE, 1989). The recommended project design had a
benefit-cost ratio (B/C) of 1.16. Only the value of man's developed facilities
(roads, utilities, homes, etc.) located on the barrier strip were considered in
the B/C analysis.

Dolan (1985) performed a similar economic study for beach
renourishment but included the value of some aspects of the back bay that
would be damaged (or lost forever) should a new inlet form if renourishment
is not undertaken. These additional benefits were for farming, property,
recreation, fishing, utilities, and inlet closure. Dolan's B/C ratio was much
higher (433). The addition of coastal wetlands protection and the potential
for saving acres of wetlands loss to open, high energy ocean conditions was
not considered by Dolan (1985). If included, the ratio of yearly benefits
received to the annualized costs of a beach renourishment project at
Sandbridge Beach would be even higher.

The Need for a Paradigm Shift in CZM

The Examples Revisited

We now need to step back (or fly a little higher) and view the entire
coastal region as an integrated whole, as shown in Figure 1. We need to base
public policy on a higher level (shifted) paradigm that embraces the
revelations of both coastal geological and coastal biological/ecological
sciences. We need to consider both the economic value of nature's ecosystem
behind barrier islands and the economic value of human artifacts on barrier
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islands when making decisions regarding the stabilization of a migrating
barrier beach. The government should promote policies that are shown tobe
economically sound when all the economic benefits are included and it is in
the public interest. Benefits tohumans regarding flood damage reduction and
beach recreation and benefits to nature via the saving ofthe most biologically
productive marine areas on earth in the estuaries, bays, and lagoons behind
barriers must be considered.

From this perspective, consider again the four examples described
above. Assateaque Island National Park is a valuable recreational resource
andSinepuxtent Bayis a valuable estuarine-marsh area. Economic decisions
to justify initial beach renourishment and maintenance expenses of the
northern end of the island should be based on the benefits* received to both
resources.

A similar dual benefits analysis procedure might have justified
renourishment ofNauset Beach Spit in the early 1970s at the site for potential
breaching as predicted by Giese (1978). Asit turned out, a federally-justified
project was not economically feasible based solely on the benefits to the
barrier island spit. We are now totaling up (since 1987) the economic costs
to human-use activities and have yet to consider the economi costs resulting
from the rapid change to an open ocean, high-energy environment and the
loss of an estuarine-bay area environment. Strong potential exists for a
similar breaching event to take place at Sandbridge, VA. Inclusion of some
back bay benefits changed amarginally justificable project (Corps Perspective)
into astrongly justifiable project (all federal agency perspective). The further
inclusion of wetlands values into the benefits analysis would sjow an
overwhelming need to immediately renourish Sandbridge Beach and would
justify maintenance expenses over the life-cycle of the project.

The fourth example, the Metompkin Island and Bay system, is
especially important for it illustrates acase where natural processes should be
left alone. We are not calling for an illogical and economically unattainable
massive effort to stabilize all moving barrier systems. And, we recognize that
some further research and development will be required to implement adual
benefitsanalysis procedure.

*In retrospect, if such asystem ofbenefits analysis were in place in the 1930s
as a consequence of knowledge about the barrier island migration and
wetlands value paradigms, then an inlet sand by-passing system could have
been economically justified at that time for Ocean City, MD.
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Further Research, Development, and Policy Needs

Inventory - The relative magnitude of the problem of estuarine bay
area loss to barrier island migration should be put in perspective through a
natural inventory program. Surface area shrinkage due to migration by
overwash processes should be separated from losses due to new inlet
formation. The relative amounts of national vegetated wetlands (coastal
marshes, bottom grasses, etc.) and openwater, high energy, tidal inlet areas
should be determined. On the water planet Earth, with over 75% of which
is covered with deep water ocean, the relatively tiny percentage of protected
estuaries, bays, and lagoons must not be lumped together and equated in
ecological valuewith new, high energy, tidal inlets.

BreachingSitePrediction -Existing methods (e.g., narrowing of island
widths) should be used to identify potential breaching sites for new tidal inlet
formation. Numerical modeling methodsshould be developed, calibrated, and
verified for predicting new tidal inlets in the future due to accelerating sea
level rise, storm surge, wave action, and local sediment supplybudgets.

Economic Value - Methods and procedures must be developed to
place relative, quantitative economic values on coastal wetlands. Coastal
marshes and valuable benthic communities in protected bays, estuaries, and
lagoons mustbe given greater units of economical value than are assigned to
open water, higher energy areas associated with tidal inlets. The relative
ecological "cost" of a newly opened tidal inlet must be determined in a
quantifiable way.

Consider the Outer Banks of North Carolina as an example. What
would happen to the coastal ecology if "migration" accelerated due to the
forming of many more tidal inlets? The question essentially comes down to
thebiological productivity potential (BPP) inthe protected environment versus
that in the high energy, ocean environment.

Public Policy - The final step is the elevation of public policy in a
formal way to require the inclusion of the economic value of the "wetlands
value paradigm" loss in all studies of the economic and environmental
soundness of alternatives for stabilizationof migrating barrier beach systems.

Openmindedness - The Need for a Paradigm Shift

Coastal zone planners and managers need to keep an open mind
regarding the stabilization of migrating barrier beaches. All options should
be evaluated, including the "hardfacing" option. The relatively narrow view
spurred bythebarrier beach migration paradigm must beexpanded, elevated,
and shifted to a new paradigm for public policy decisions that includes the
total value of what is behind as well at what is on moving barrier islands in
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the coastal zone.
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Fig. 2 Evolution ofa barrier island from Dolan and Lins, 1987, p.72. At top (1) is the
situation 15,000 years ago when sea level was 350ft lower. Rising sea level, middle
(2) caused breaches in the beach ridge system flooding the back baysto form lagoons
and bay-esniarine systems. As aresult ofcontinued rise insea leveLlower (3) depicts
migrating barrier island and the shrinking of the lagoon surface area that in this
illustration isonly a schematic but perhaps the unconscious feelings of the authors.
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Fig.3 The rotation ofthe northern end ofAssateague Island between 1850 and the 1980's
and the resultant shrinkage of Sinepuxent Bay. In 135 years, over 920 acres of bay
have been lost which amounts to a25 percent shrinkage ofbay surface area due to
bamer island migration.
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Recent Advances in Physical Movable-bed Modeling at the Coastal
Engineering Research Center

Jimmy E. Fowler
U. S. Army Engineer Waterways Experiment Station

Abstract

Recently, attheCoastal Engineering Research Center (CERC) of the
U.S. ArmyEngineer Waterways Experiment Station (WES), numerous studies
concerning problems associated with physical movable-bed models (MBM)
have produced very important findings. These accomplishments will allow
engineers and scientists to use these models as a tool for planning and
designing coastal projects where storm-induced erosion is a major
consideration. This is particularly important because the methods and
procedures for movable-bed models are not widely accepted and numerous
(often conflicting) guidances have been developed. The research described
here has been conducted to test/develop/improve scaling guidance and to
define limits for movable-bed physical models. Initial efforts involved
evaluation of the research efforts of other laboratories and guidance
developed by same. During the early 1980's, scaled tests were conducted to
evaluate the predictive capabilities and accuracies of five different modeling
guidances. This was done by attempting to reproduce prototype scale data
generated inCERC's large wave tank byThorndike Saville in the 1950's. The
guidances evaluated were those ofNoda, Vellinga, Hughes, Lepetit and Leroy,
and Hallermeier. This research was followed by additional laboratory efforts
to determine the effects of model sediment size and type. Results indicated
that for modeling prototype sands, fine to very fine model sands give best
results. These results led to the selection of the guidance currently used for
certain movable-bed models at CERC. For simulation ofsediment transport
in very energetic physical environments, such as with wave-induced erosion,
the following criteria should be met:

1) fall speed parameter (H/wT) similarity,
2) time scaled according to Froude;
3) model is undistorted; and
4) use fine sand (0.08 mm lower limit) at largest scale

possible.

A scaled physical model was recently used to validate the above
guidance by simulating prototype scale wave-induced scour in front of a
concrete dike sloped at 1:4. The tests were conducted during fall and winter
of 1988. Prototype data were obtained from the large wave tank tests done
by Dette and Uliczka (1987) at the University ofHanover in Germany during
1985-1986. Based on the very successful results of this study, the modeling
guidance was considered validated for the stated conditions. Following the
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validation tests, the scaling guidance was used to simulate severe beach fill
erosion associated with a winter storm at Ocean City, Maryland during March,
1989. The tests were conducted without prior knowledge of post-storm
profiles. Model and prototype profiles showed good agreement, giving further
credence to the scaling guidance and its ability to model energetic (erosive)
wave action movable-bed situations.

Introduction

Recent studies at the CoastalEngineeringResearch Center (CERC)
on various problems associatedwith physical movable-bed models have led to
very important findmgs. The results of these studies will allow engineers and
scientists to use these models as a tool for planning and designing various
coastal projects where wave-induced erosion is a major consideration. This
is particularly important because the methods and procedures for designing
movable-bed models arenot widelyacceptedand numerous (often conflicting)
guidanceshave been developed. The research described here was conducted
to test/develop/improve scaling guidance and to define limits/accuracies
associated with movable- bed physical models.

Movable-Bed Modeling Considerations

Most MBM researchers agree that in order to accurately model
sediment transport, it is necessary to simulatethe forces whichinitiatemotion,
and, once the particles are dislodged, to simulate the way in which the
particles return to the bottom. Thus, two different approacheshave emerged
for movable-bed modeling and most recent developments in movable-bed
modeling have involved making model and prototype similar in one or both
of two areas:

1) incipient sediment motion
2) sediment fall velocity (speed).

To model initiation of sediment motion, the movable-bed modeler is
concerned with the total shear (bed and fluid) which resists sediment
transport. The sediment fall speed parameter (H/wT) is typically used to
simulate trajectories of the particles as they fall to the bottom. For this
parameter, H is the wave height, w is the sediment fall speed, and T is the
wave period. The fall velocity parameter is probably most appropriate in
energetic surfzone situations wherewaveenergy dominates. Incipient motion
scalingwould be more appropriatein deep water situations and less energetic
wave action situations (accretionary) where transport occurs primarily as
bedload. Regardless of the approach used, problems with MBM stem from
the same root-an inability to geometrically scale fluid properties and
sediments.
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Model Sediments

The majority of MBM are used to simulate movement of relatively
small prototype sediments which typically have small mean sediment
diameters. When the prototype sediment is predominantly sand (mean
diameters from 0.1 - 2.0 mm; most often are less than 0.5 mm), various
constraints make it difficult to reduce sediment size in the model so that
prototype sediment motion is accurately reproduced. This problem is less
severe for laboratories having facilities withlarge wave generating capabilities
since such facilities can usually operate at scales close to unity and geometric
scaling of sediments is possible.

Various lightweight materials have been used to cope with the
inability to geometrically scale MBM. Unfortunately, additional problems
occur with these lightweight materials (differences between pore pressures,
binding strengths, and settling paths), and many investigators feel that fine or
very fine sands are best for MBM (Kamphuis, 1984; Vellinga, 1982; Hughes
and Fowler, 1990).

In addition to the above, fine sands overcome the problem of
"fluidization" of the bed, in which the lightweight sediments tend to "float"
within the water column until the wave machine is turned off. When this
occurs, the profile obtained is more a function of how the grains settle after
the wave machine is turned off and does not reflect the real transport
mechanism. In light of this, MBM physical studies done at CERC are
conducted at the largest scale possible, with fine sand as the model sediment.
The sand currently used at WES was obtained from the Ottawa Sand
Companyin Ottawa, Illinois and has a specific gravity of 2.65 and a 0.13mm
mean diameter.

It is not this author's intent to imply that studies done using
lightweight modeling sediments cannot produce useful results. In fact,
successes havebeen reported using lightweight materials suchaswalnut shells,
bakelite, and plastics as either tracer materials or as model sediments. The
majority of these studies, however, involved models where bedload transport
dominated and geometric/time scales were based on model tests conducted
to duplicate historical events.

Evaluation Studies • Previous Movable-Bed Modeling Guidance

During 1985-1986, Fowler andSmith (1986) conducted movable-bed
tests to evaluate predictive capabilities and accuracies of five of the most
commonly used MBM guidances. This was done by attempting to reproduce
prototype-scale tests run in a large wave tank as reported by Saville (1957).
The guidances evaluated were those of Noda, Vellinga, Hughes, Lepetit and
Leroy, and Hallermeier. These tests indicated that the scaling guidances of
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Vellinga and Hughes produced thebest results. Athough exact duphcation
was not obtained with either method, resultswere good enough that these
guidances formed the basis for scaling laws currently used atCERC. Both
theVellinga (1982) and Hughes (1983) guidances centered on the fall speed
parameter. The Vellinga guidance specifically required that

and time be scaled according to Froude as

(1)

N. » N* (2)

For the above, Nh and N„ are the horizontal and vertical
scales,respectively, N, is the time scale, and N„ is the sediment fall speed
parameter scale. Since Equation 1 is empirical, it is only valid for the
conditions from which it wasdeveloped. For an undistorted model, Nh/Nv
= 1 and Equation 1 reduces to

Nv-Nt-Nl (3)

In Equation 3, N) is the arbitrary length scale, equal to horizontal
and vertical scales for undistorted models. Hughes' guidancerequired that

Hl.JL (4)

and

N, - yfi, (5)

These two guidances combined to give the method which is
presently used with much success at CERC:

1) fall speed parameter (H/wT) similarity;
2) time scaled according to Froude;
3) model is undistorted; and
4) use fine sand (0.08 mmlower limit) at largest scale
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possible.

Two-Dimensional Scaling Law Validation Tests

A two-dimensional model was used to validate the selected scaling
guidance for very energetic (erosive) wave conditions. The tests were
conducted at CERC during the fall/winter of 1988. These tests were termed
"validation tests" and consisted of physical model experiments to reproduce
prototype-scale wave-induced erosion in front of a sloping concrete dike. The
prototype data were large wave tank tests done by Dette and Uliczka (1987)
at the University of Hanover in Germany in 1985 - 1986. The validation
model was undistorted and constructed at a 1:7.5 geometric scale determined
by the fall velocity parameter criterion. Fine quartz sand with a mean
diameter of0.13 mmwas used as themodel sediment and simulated prototype
sand which was 0.33 mm inmean diameter. The CERC facility isconstructed
of concrete with a glass wall viewing section and hasthe following capacities:

Length 100.0 meters Depth 1.22 meters
Stroke 0.66 meters Width 1.83 meters

The laboratory procedure used for the validation tests was designed
to reproduce the procedure of Dette and Ulickza. The tests were run with
both regular and irregular waves which eroded a layer of sand fronting a 1:4
concrete slope. Prior to each series of tests, the sand was smoothed to an
identical 1:4 slope and initial profiles were taken. Tests were run to
"equilibrium" conditions for each case, and profiles were taken at intervals
corresponding to the prototype tests. Figures 1and 2 give profile comparisons
between model and prototype for both the regular and irregular wave cases.
Results indicated that for the specified conditions, the fall velocity parameter
leads to favorable profile replication, particularly for the irregular waves, and
the guidance shown above was considered validated.

Beachfill Erosion Study. Ocean City. Maryland

Following the"validation tests" series, theselected modeling guidance
was considered validated, but had not been tested for an actual field situation.
The acquisition of a high quality set of field data collected during severe
beachfill erosion associated with a winter storm at Ocean City, Maryland in
March, 1989 provided anopportunity to test thescaling guidance bysimulating
thestorm event inascaled movable-bed model. The pre-storm beach profile
(January, 1989) was molded in CERC's mid-scale wave tank using 0.13 mm
quartz sand at the 1:75 undistorted geometric scale determined from the
guidance. The simulation was conducted usmg irregular waves without prior
knowledge of post-storm profiles. To reproduce the measured prototype
storm conditions as closely as possible, water level, significant wave height,
and peak spectral period were varied (in three-hour prototype time

747



increments) as the model storm progressed. Profiles were taken at various
time intervals throughout the storm. Figure 3 shows model and prototype
comparisons midway through the storm and Figure 4 shows profile
comparisons at the end of the storm. The post-storm prototype profile was
obtained in April, 1989. Model and prototype profiles show reasonable
agreement, giving further credence to the scaling guidance.

Irregular/Regular Waves Equivalence Tests

Much of the established design guidance for coastal projects where
sediment transport is a concern has been developed using movable-bed
models run with uniform regular waves. Design guidances developed from
such models typically represent natural irregular waves by a single statistical
wave height parameter. This parameter is then taken as beingequivalent to
the regular wave height in the design formulae. Laboratory-generated
irregular waves more closely represent natural conditions and are commonly
characterized by either statistical or energy-based parameters. Typical
statistical wave height parameters include: Hav_ (mean wave height of all
waves), H^ (root-mean-square wave height), and Hj« (average of the
highest 1/3 of allwaves). The primary energy-based wave height designator
isHmo, which is directly related to the energy contained in the wave spectrum.
Hm0 is approximately equal to Hy3 for deep water waves, but can be
significantly different for shallow water waves (Hughes and Borgman, 1987).

Laboratory experiments wereconducted to evaluate various irregular
wave parameters to determine which provides the best match for the regular
wave parameter used to develop design guidance. The tests were done in
conjunction with the "validation tests" in which uniform regular and irregular
waves were used to displace sand initially placed at a 1:4 slope in front of a
concrete structure which had a similar 1:4 slope. Resultswere judged based
on best bottom profile matches. Figure 5 is a comparison betweenbottom
profiles when energy contents were matched (Hmo « 1.4H,« = H ), while
Figure 6 compares the case when regular wave height is equal to the
significant wave height (H^3 =Hreg). Results showed that significant wave
height, rather than Hmo, is the best irregular wave design parameter for
matching results based on uniform regular wave tests. This suggests that the
highest 1/3 of the waves in a given distribution are probably most important
for sediment transport.

Summary

It is unreasonable to believe that a single scaling guidance will yield
consistently good movable-bed modeling results for all cases of movable-bed
models. Studies at CERC indicate that formodelingprototypesand transport,
fine to very fine model sands give best results. The following criteria should
be met for simulation of sediment transport in very energetic physical
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environments, such as those with wave-induced erosion:

1) fall speed parameter (H/wT) similarity,
2) time scaled according to Froude;
3) model is undistorted; and
4) use fine sand (0.08 mm lower limit) at largest scale possible.

Additionalstudiesshowthat significant waveheight,ratherthan Hmo>
is the best irregular wave design parameter for matching results based on
uniform regularwave tests. This suggests that the highest 1/3 of waves in a
given distribution are likely most important for sediment transport.
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Abstract

Shoreline determinations along gently sloping coastal lands present
challenges to both the scientific and legal professions. Along the extensive,
gently sloping shores of the Laguna Madre ofSouth Texas, there have been
several legal controversies regarding land ownership and accurate shoreline
boundary determination. At the heart of this problem lies the basic question:
are the coastal areas often referred to as the "wind-tidal flats" of the Laguna
Madre submerged, and therefore owned by the State, or are they not
submerged and owned by the private owner of the adjacent uplands?

The determination ofshoreline locations in areas with obvious relief
is relatively simple. In contrast, accurate shoreline determination may be
difficult in areas where wind-tidal flats are present. A wind-tidal flat is
defined as abroad, barren flat that is partially inundated at irregular intervals
by lagoonal or bay waters under the influence of wind-generated tides.
Scientific complexities in the determination ofshoreline locations inwind-tidal
flat environments include lack of shoreline vegetation and difficulty in
measuring normal astronomical tides, coupled with multi-directional and
seasonably variable wind-tides. Surveyors have difficulty because of the
geographic remoteness of the flats, the miles of level, featureless terrain, and
the lack of tide gauges for determination of mean higher high tide or mean
high tide. Attorneys arc faced with determination of original land grant
origin, interpretation of previous judgments, and negotiation and possible
litigation with the state, which owns most submerged lands in Texas.

A multi-disciplinary approach has proven beneficial and effective as
a means of accurately solving this complex problem. Attorneys, land
surveyors, a geologist, and a biologist have worked independently and
cooperatively to develop techniques and produce data and results that can
facilitate shoreline boundary placement on the wind-tidal flats ofSouth Texas.
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Introduction

Special conditions in Laguna Madre

Approximately 360 mi2 of wind-tidal flats arc found adjacent to the
shoreline of the Laguna Madre of Texas (Fig. 1) (Brown et al., 1976, 1977,
1980). These flats commonly have slopes on the order of 0.5 ft/mi.
Astronomical tidal ranges in the adjacent Laguna Madre arc usually less than
0.5 ft. and the flats are primarily affected by multi-directional wind-tides and
storm waters. There is often no obvious shoreline or vegetation line.

Legal shore boundary in Texas

Texas state law defines the boundary between submerged lands
belonging to the state and uplands belonging to the private land owner as the
projection of the level of either mean higher high tide (MHHT) or mean high
tide (MHT) on the sloping shoreface. If the land ownership dates from a
Spanish or Mexican land grant, MHHT is used as the boundary. MHT is
used as the boundary for land grants under common law after Texas
independence.

Previous court cases in Laguna Madre

The Laguna Madre, and the boundaries of the adjoining upland, have
been the subject of several state and federal lawsuits. These cases include, in
chronological order: State v. Balli, 190 S.W.2d 71 (Tex. 1944); Sun Oil Co. v.
Humble Oil & Refining Co. 190F.2d 191 (5th Cir.) rch'g denied, 191 F.2d705
(1951); Luttes v. State, 324 S.W.2d 167 (Tex.1958); and three separately filed
lawsuits styled South Padre Land Co., et al. v. State, Cause Nos. 78-153-C,
78-154-C, and 78-155-C in the 197th District Court of Cameron County,
Texas. The location of a segment of the shoreline of the Laguna Madre as
it runs through the Land Cut area in Kenedy County is the subject of pending
litigation in a case styled The John G. and Marie Stella Kenedy Memorial
Foundation v. Garry Mauro, Commissioner of the General Land Office, and
The State of Texas, Civil Action No. C-90-36, In the United States District
Court for the Southern District of Texas, Corpus Christi Division. In
analyzing the case law developed by these prior decisions, it is important to
remember that tidal boundaries are, by definition, fluctuating boundaries and
therefore subject to re-litigation, if the boundary changes position due to
changes in the position of MHT or MHHT on the property.

Purpose of Multi-Disciplinary Approach

The attorney must determine the present ownership of the land and
the history of ownership back to the time of the original grant. The attorney
ascertains the legal principleswhich may affect the present boundary location.
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Because of arguments frequently made by the state, it is often useful to
acquire information about the historical topography and conditions of the
disputed area.

The surveyor must find and study all historical maps and boundary
documents and, when possible, find the old boundary lines on the ground.
He/she must determine an appropriate value for MHHT or MHT, mark the
present boundary on the ground, and map the boundary. The surveyor must
assist the geologist and biologist with locations, elevations, and tidal data.

Thegeologist uses studies ofsedimentology, topography, hydrography,
and climate to provide a qualitative aid in helping to locate the present
boundary position and to determine and explain the processes which have
operated to change the position of the historical boundary to the present
boundary, if it has changed in position. He/she assists the attorney in
understanding the complex physical processes affecting the present and
historical boundary positions.

The biologist provides qualitative assistance insupporting the location
of the modern boundary position based on the presence or absence of
inundation-sensitive plants and animals. He/she assists thegeologist in faunal
interpretation of surface and subsurface environments of deposition and
explains the significance of biological indicators of shoreline position to the
attorney.

Independent and Collaborative Methods and Results

Legal aspects

In defining the location of the legal boundary of the Laguna Madre,
the source of the original grant of the adjacent upland determines the
applicable standard (Luttes v. State, 324 S.W.2d 167 (Tex. 1958)). For grants
issued by the Spanish or Mexican governments, the shoreline is defined as
MHHT, while MHT determines the shoreline for lands granted under the
common law or Anglo-American law (Id., 324 S.W.2d at 191). For most, if
not all of the Laguna Madre, there is no practical difference between these
two tidal values. Regardless oftheapplicable tidal value, resolving aboundary
dispute along any portion of the Laguna Madre will invariably necessitate
negotiation and possibly litigation with the General Land Office and the State
of Texas. The State of Texas, as the owner of all submerged lands in the
State of Texas, will generally be the adverse adjoining property owner.
Understanding the jurisdiction, structure, and powers of the General Land
Office is invaluable in resolving any boundary dispute along the Laguna
Madre.

Under Sections 31.051, 31.052, and 31.063 of the Texas Natural
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Resources Code, the Land Commissioner is authorized to manage, supervise,
and determine the boundaries of submerged lands belonging to the State of
Texas. In most boundary disputes along the shore of the Laguna Madre, the
ownership of the minerals in place is a valuable asset of the property, in
addition to the commercial development value of the property. The School
Land Board, which is chaired by the Land Commissioner, has statutory
authority to grant oil and gas leases for the development and production of
oil, gas, and other minerals underlying submerged lands (TEX. NAT. RES.
CODE § 32.061). The School Land Board is statutorily empowered to
schedule a sale for oil and gas leases on submerged lands. There is a tract
nomination process by which prospective lessees are allowed to nominate
tracts for publicbidding (See 31 TEX. ADMIN. CODE § 153.1 (West Supp.
1990)). The School Land Board selects the best sealed bid to purchase an oil
and gas lease on a particular tract (See id. § 153.3).

Since the State of Texas is the adverse party in these boundary
disputes, it is generally necessary that a private claimant obtain legislative
consent to sue the state. The doctrine of sovereign immunity prevents a
private claimant from suing the State of Texas to adjudicate title without
legislative permission to sue. Consentresolutions canbe introducedby a state
senator or representative representingany of the five counties adjacent to the
Laguna Madre. If a private claimant seeks legislativeconsent, it must adhere
to the requirements set forth in the Texas Civil Practice and Remedies Code,
Section 107.001 et scq. (Vernon Supp. 1990). If legislative consent is denied,
the factual context of the particular boundary dispute may give rise to a
constitutional claim for the taking of property without just compensation or
the denial of due process under the Texas and U.S. Constitutions. A federal
statute, 42 U.S.C. § 1983, provides a vehicle for asserting such a claim.
Alternatively, a claim could be filed againstthe Land Commissioner under the
principles of State v. Lain, 349S.W.2d 579 (Tex. 1961).

Land surveying

The surveyor's task in a multi-disciplinary approach to shoreline
mapping is to determine an elevation or elevations for the line of MHHT or
MHT and to place and monument that line on the ground.

The Tides Branch of the National Ocean Service (NOS) of the
National Oceanic and Atmospheric Administration (NOAA) is the primary
source of information for determining an elevation of MHHT or MHT.
Other public data sources include the U.S. Army Corps of Engineers, the
Texas Water Development Board,and the Bluchcr Institute for Surveying and
Science at Corpus Christi State University. Tide studies by privateoil and gas
lease holders may offer additional data.

Primary tide gauges which have been in place for a full tidal epoch
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of 18.6 years exist only at Port Isabel, Port Mansfield, and Corpus Christi
(Claunch, 1987). Since the locationof a tidalboundary is dependent upon the
elevation of MHT or MHHT at the location of the property in question, and
not at the location of a distant primary gauge, it may be necessary to install
additional secondary tide gauges or staffs at the project site.

After the elevation for MHHT or MHT has been determined, the
surveyor must monument that elevation contour on the ground. In addition
to the problems associated with a scarcity of tidal data, there are few
horizontal or vertical survey control benchmarks in the Laguna Madre area.
On a shoreline boundary project of considerable length, the tidal boundary
meander and other survey lines should be tied to the grid plane of the Texas
Coordinate System and to the National Geodetic Vertical Datum (NGVD)
(Bouchard, 1970). Monumentation of the national datum and horizontal
control network may be distant from the project. The tie-in can be
accomplished with conventional surveying methods, but use of Global
Positioning System technology may be preferable if distances are long or
terrain difficult. If the local survey is tied in with the national network, it will
increase the probability of the survey lines being preserved for future use and
reference, because they can be reconstructed if local monuments are lost.

In some areas of the Laguna Madre where the shoreface is of very
low slope, the contour line representing MHHT or MHT may be difficult to
locate. In those circumstances, the surveyor may place his line so that the
actual line of MHHT or MHT is somewhat lagoonward of the line placed on
the ground. Biological or geological evidence may provide support in these
cases. Since a line of mean higher high tide or mean high tide is being placed
on the ground, there will be times when bay water will be found landward of
the line surveyed and times when dry land will be found lagoonward of the
line.

Geology

The geologist assists in qualitatively determining the present tidal
boundary, determining if there has been accretion or erosion and the rates of
those processes, and evaluating the recent geological history of the area.

Rates of sedimentation can be estimated by collecting numerous
short cores on transects across the study area. The cores are analyzed for
environment of deposition, based on sediment type and remains of organisms
present. Radiocarbon age dates on once-living organisms found in living
position within the cores can be used to establish a date at which that level in
the core was subaerially exposed. With this information, used in conjunction
with the depth of the organism within the core, the long-term sedimentation
rate at the site can be determined. Analysis of sedimentation rates throughout
the study area, along with study of surface environments of deposition,
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Biology

The biologist must know the natural coastal environment wellandbe
able to interpret which aquatic and terrestrial species of plants and animals
are inherently associated with the shoreline. However, due to the lack of
plants and animals normally seen along thecentral and lower Texas shoreline,
wind-tidal flat shoreline determination by indicator species can be difficult.
Salt marsh cordgrass (Spartina alternifloral. which normally inhabits the
estuarine intertidal zone, is absent from most of the highly saline Laguna
Madre. Therefore, the more salt-tolerant species, such as glasswort
(Salicornia spp.t. saltwort (Batis maritimal. sea purslane CSesuvium
portulacastrunO. and shoregrass (Monanthochloe littoralist must be used.
These mayalso be absent or theymaygrow on slightly elevated moundsalong
the shoreline. Furthermore, the main plant which exists on these flats
(blue-green algae) has not been sufficiently studied to confidently relate
growth forms or abundance to inundation frequencies or duration.

Barnacles, which leave their shells attached to hard substrates (e.g.,
pilings, fence posts) for years after their death, can aid in water-level
determination. Relating barnacle size to growth rate can give an indication
of the amount of time an area may have been inundated. However, care must
be taken becausebarnacles cangrowabovethe levelof continuousinundation
due to waves and splash, and growth rates can differ from one locale to
another. Two species of acorn barnacles, Balanus eburncus and live B.
amphitrite. within the Laguna Madre area. Their growth rates are slower
during the colder winter months and during periods of hypersalinity.

Benthic (bottom) transects have been taken from aquatic areas
extending across the apparent shoreline up onto terrestrial areas. Sieving of
samples through a screen, then determining and enumerating living species
present, allows plotting of species in either aquatic or terrestrial zones and
determination of the shoreline according to their distribution. Most areas
within the shallow waters of the Laguna Madre support extensive seagrass
beds, predominantly shoalgrass, Halodule wrightii. and an associated,
characteristic biota. Numerous species with considerable abundances
characterize these grassbeds. A lagoon-margin sand commonly occurs
between the grassbed and the shoreline, and it usually has fewer species than
the grassbed, but may havehigh abundances. The terrestrial zone above the
shoreline is typically barren, with onlya few inconspicuous insects, including
brine flies and small beetles.

Discussion and Conclusions

Due to the presence of extensive, nearly flat wind-tidal flats adjacent
to the Laguna Madre and a tidal boundary legally defined to be the
intersection of the elevation contour of the local MHT or MHHT with that
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processes of sediment transport, and sources of sediment supply may aid in
determining if there has been accretion or erosion since the date of the
original grant.

hfe • J*.™3* ?C "f^ l° detennine * relative sea level has changed in
£SSTVf u"8 °f^P*-*™^ organisms within the cores mayprovide data which can be used to establish relative sea-level at past historical
tones Long-term tide gauge records and examination of the scientific
literature may also provide information useful in estimating the historical
changes in sea level.

The recent geologic history of the coastal zone can be partially
understood by examination of the scientific literature; however, it is often best
to analyze numerous cores within the study area to determine the specific
geologic history of the disputed tract. It is then possible to reconstruct the
various environments of deposition on athree-dimensional diagram showing
Uie changes in the location of each environment through space and time If
nrodeu^.aa ta,M,m°dern tTgraphi° map °f ,he area' kmav be PO^ble toC/r * fcWPl* map of the area for any historical date by
hv S t Prerem 'W*back throuSh timc usi»g sedimentation rates
eJtiit rSUrraCe bU,,iUP l° US Present config^ation. This enables theestimation of surface conditions at various times in the past.

inrl.,^. Th^.environments of deposition along the Laguna Madre shores
mclude continuously submerged shallow lagoon; intertidal lagoon margin- low
wmd-t.da flats submerged by wind-tides or by the highest sfional
0^^ tid,eH; h!gh ^ WhCre aCOlian " dominfte subm^donly by storm tides; and vegetated mounds of various types, which Ire
pnmanly aeol,an ,n origin. Blue-green algal mats may provide auseful
mdicator as they cannot live where continuously submerged by waters
STtS T*h- ^ ,ag°°n °r Where they ™destr°yed * l^cerSgastropods (Friedman, et al. 1973). ,y B«™™

a„H ti,. ThC 8^l0giSt mUS' edU0ate the attoraey on the 8eol°gy of the tractand the surrounding areas. In addition, the attorney must be able to read and
SS f?a «** 8e0l0giC rep°rtS and papers and to understand andcritically evaluate legal testimony by opposition geologists.
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gently sloping surface, it is important to accurately place thatboundary on the
ground. A small error can result in a great horizontal displacement of the
boundary and loss of considerable land to one of the owners. A
multi-disciplinary team consisting of attorneys, surveyors, geologists, and
biologists can be assembled to confirm the legal location of the boundary.
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