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Introduction

Land loss in coastal Louisiana has exceeded a rate of 50 sq. mi. per
year. Life expectancies of several coastal Parishes are on the order of
50-200 years. Such drastic losses have prompted enactment of legislation
to provide $35 million for a Coastal Protection Trust Fund. Twenty per
cent has been dedicated to the funding of demonstration or pilot projects
and sixteen percent has been earmarked as matching money for federal pro
jects designed to improve or protect the coastal zone.

Currently, five sites along the coast have been selected for demonstra
tion protection projects. One involves beach nourishment as a supplement
to existing plans for a revetment and a series of T-groins along an
eroding coastal highway. Another project will test the feasibility of
various methods for stabilization of barrier islands in two locations.
Such techniques will include sand nourishment, closure of tidal breaches,
filling of pipeline canals, dune building, dune stabilization using sand
fencing and vegetation, and filling and vegetating to widen the back-
barrier fringing marshes. Sand sources suitable for the project lo
cations involving nourishment will be identified using various profiling
and coring techniques.

Two freshwater diversion projects will be constructed to mimic the former
overbank flooding of the Mississippi River. One will be designed,
funded, and constructed entirely by the State, and will divert freshwater
and sediment into the shallow bays of a wildlife management area. The
other will be built by the U.S. Army Corps of Engineers in a cooperative
effort with state and local government, and will involve a substantial
structure and outfall channel. A monitoring plan will provide data to
help evaluate whether the costs of such an overall coastal protection
program are justified based on observed and projected benefits.
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1. Holly Beach-Peveto Beach Protection

The second most extensive coastal recreational development in the State
of Louisiana is located along the Gulf shore west of Calcasieu Pass in
Cameron Parish. Over 700 structures are found in the beachfront communi
ties of Holly Beach, Constance Beach, Chaisson Subdivision and Ocean View
Beach. Louisiana Highway 82, the Culf Coastal Highway, parallels the
shoreline between Holly Beach and the former beach community of Peveto
Beach. The shoreline from Holly Beach to Ocean View Beach has been erod
ing during the last 150 years. The highway between Holly Beach and Peveto
Beach, which serves as an important hurricane evacuation route, has been
inundated and relocated inland several times since the 1930s. In 1957

the highway was very severely damaged by Hurricane Audrey, which also de
stroyed all recreational development in the area. In 1971, a gobi-block
revetment was installed by the Office of Highways along Louisiana Highway
82 at Peveto Beach to protect the highway.

Recent events along the shoreline between Holly Beach and Ocean View Beach
have prompted renewed concern for the highway and recreational settle
ments. The gobi-block revetment protecting 3 miles of highway has exhibi
ted some success, but with unacceptably high maintenance costs. Conse
quently, $3 million has been appropriated to the Office of Highways for
construction of a more solid revetment coupled with a series of T-groins
(breakwaters 200 feet offshore and connected to shore by 1.5 foot HSL
causeways). A $1 million dollar sand nourishment program is proposed
to augment the proposed revetment and T-groin construction. Such sand
nourishment will not only prevent scouring at the foot of the planned
revetment, but will also compensate for an expected increase in shore
line erosion between Ocean View Beach and Constance Beach.

Potential sand sources for nourishment of the southwest Louisiana beaches

include inland cheniers, dredge material excavated from the Calcasieu
ship channel, the outer bar at Calcasieu Pass, and offshore sandbodies.
Although a detailed seismic survey and sediment coring analysis is needed
prior to final determination, the latter two sources appear promising.
Sediment dredged from the mouth of the Calcasieu Ship Channel (maintained
by dredging to almost 40 feet below HSL) contains a considerable amount
of sand. The offshore area is characterized by numerous exposures of
Pleistocene surface and sand-filled Pleistocene channels. Seismic ana

lyses will be conducted to determine optimum dredging locations and sand
will be pumped or barged to designated areas.

If no action is taken to prevent erosion between Holly Beach and Ocean
View Beach, wave action will continue to undermine Louisiana Highway 82
and recreational camps at Holly Beach and Constance Beach. If the high
way revetment and T-groins are constructed as planned, and no additional
protection is provided to the downdrift recreational communities, acce
lerated erosion at Constance Beach could threaten many camps. Building
a sand beach will help to buffer the highway and revetment from storm
wave attacks and will also improve the quality of the beach for recrea
tional uses: therefore, a well-planned beach nourishment program is con
sidered cost-effective.

2. Eastern Isles Dernieres Stabilization

The entire Isles Dernieres barrier chain is experiencing high rates of
shoreline erosion and island fragmentation. These islands protect not
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only the wetlands and bays, but also the oil and gas development behind
them from storm wave attacks. Remedial measures are needed to prevent
further deterioration and potential loss of the islands altogether. The
eastern end of Isles Dernieres was breached in the mid 1970's after Hurri
cane Carmen and the newly formed inlet has remained open. Other problem
sites in the project area include two major washovers and several narrow
segments of the island that could be breached at any time. Specific
stabilization measures for locations A - E (Figure 1) at this site in
clude the following:

IPS

figure J. Eastern Islet Dernieres Stabilization

Location A

A high-priority area for restoration is the breach that opened several
years ago. Left alone, this breach will develop into a wider and deeper
inlet. This will not only act as a trap for longshore-migrating sands
(thus removing valuable sand from the system), but increased tidal ex
change will also lead to accelerated erosion of adjacent land areas.

To seal this breach, several steps are necessary. First, large rocks
(rip rap) will be placed across the opening up to water level to reduce
tidal flows and provide a foundation for subsequent sand nourishment.
Sand will be used to build up a dune (to a height of 4 feet), and to fill
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in a 500-foot width in the backbay area. Dredged material will then be
pumped to build up the backbarrier zone to 1 foot above mean sea level
(HSL). Vegetation will be planted to help stabilize the fill material.

Location B

Sand is being washed into the bayou behind the active washover at this
location. The bayou will be filled to prevent further loss of sand, a
dune will be constructed, and stabilizing vegetation will be planted.

Location C

Here a former holding pond, backed by retention levees, is being filled
in by the landward-moving beach. It will be relatively simple to pump
sediments into the shallow pond to re-establish a portion of the islands'
former land mass. Vegetation will be planted to maximize retention of
the pumped fill material.

Location D

This short stretch of the island is very narrow and presents a potential
breach zone. Therefore, sand will be pumped into an area of about 10
acres to widen the island and minimize the threat of breaching. A re
taining wall will be constructed on the bay side of the island to help
hold the sand in place.

Location E

On this active washover, a 4-foot dune will be constructed for a length
of 3,100 feet. This artifical dune, which will extend to the marsh areas
flanking the washover, will be stabilized by the use of sand fencing and
the planting of dune vegetation.

Sand sources

Considerable sand is tied up in the outer bar, or ebb-tidal delta of Cat
Island Pass. In addition, an average of 400,000 cubic yards of material
is dredged annually from the Houma Navigation Canal located approximatey
5 miles to the east. It may be feasible to pump sediment directly onto
the island using pipelines with moored, floating booster pumps. Alter
nate potential sand sources will be identified using results of the off
shore seismic sand survey and coring study analyses.

3. Cheniere Ronquille Stabilization

Cheniere Ronquille is the weakest segment in the chain of barrier islands
protecting the highly productive Barataria Estuary. Shoreline retreat
rates of about 50 feet annually are likely to increase as gulf waves
erode into a series of pipeline canals paralleling the present shoreline.
A primary cause of the rapid deterioration is the extremely limited
supply of sand presently on the barriers. In additon, very little sand
is being supplied to the site by wave-induced longshore transport from
the east.

To offset this deterioration at the Cheniere Ronquille site the following
specific measures are proposed:
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Canal fill

All pipeline canals located within 2000 feet of the shoreline will be
filled. Fill will be placed to an elevation of one foot above mean sea
level and revegetated. This action will prevent the canals from func
tioning as a sand sink when shoreline retreat eventually places the canal
location within the area of washover deposition.

Seal existing breaches

Existing breaches causing interruption of longshore transport and dis
persal of sand in a seaward or bayward direction will be sealed. It is
proposed that a rock dam be placed across these breaches to an elevation
of 1 foot msl to stop tidal flows. The dam will be set back from the
shoreline to allow beach development along the seaward side. Fill will
be placed on the bayward side to a width of 500 to 1000 feet and at an
elevation of 1 foot msl. Sand will be placed on the seaward side of
the dam in the form of a dune with a crest elevation of 3 feet msl.

Backbarrier fill

To reduce further breaching of the barrier and maintain available sand
along the shoreline, waterbodies in the immediate proximity of the
shoreline will be filled. The fill will extend at least 500 feet land
ward from the present shoreline at an elevation of one foot msl, and will
be revegetated in order to reduce landward transport and dispersion of
sand through washover processes.

4. Pass a Loutre Freshwater And Sediment Diversion

The proposed project will occur in the Pass a Loutre Wildlife Management
Area, which consists of some 66,000 acres of the lower Mississippi Delta
in Plaquemines Parish, LA. Presently the management area is losing land
at a rate of 190 acres year and in 1978 only 22,000 acres of land re
mained in the management area.

Pass a Loutre carries about 31% of the discharge from the Mississippi
River. The project will divert some of this water and sediment into the
shallow ponds and bays in vicinity of Blind Bay. One or more diversion
sites will be selected and breaks in the natural levees along Pass a
Loutre will be made. Outfall channels will be designed to maintain
themselves as distributaries of the river until they have built marshy
subdeltas of the size desired to fill the surrounding bay or pond.

After initiation of the diversions, a monitoring program will be esta
blished to measure accretion and discharge rates, as well as any changes
in channel configuration.

Benefits to the extensive waterfowl and furbearer populations in the
management area are expected to be substantial and would occur annually
throughout a 60 to 70 year period normally associated with the cyclic
buildup and deterioration phases of natural subdelta development.
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5. Caernarvon (Big Har) Freshwater Diversion

This diversion project has been recommended for construction by the Corps
of Engineers and the U.S. Fish and Wildlife Service. It has already been
authorized by Congress and is ready for design and construction pending
state approval. Funding will be on a Federal/State matching basis.

The structure is proposed to have a maximum design flow of 6,600 cubic
feet per second (cfs). Freshwater from the Mississippi River will be
diverted through the structure and outfall channel to the intermediate/
brackish marshes surrounding Big Mar to reduce average salinities to
approximate those occurring during years of high rainfall.

A large area east of the Mississippi River will benefit from the salinity
reduction. Benefits include reduced predation by oyster drills on both
the state-owned oyster seed grounds and on waterbottoms leased for oyster
production to private citizens. In addition, the introduction of fresh
water with its associated sediment and dissolved nutrients will nourish

the swamps and fresh marshes that have been severely damaged by in
trusion of saline waters.

Conclusions

These demonstration pilot projects will be used to evaluate not only the
technical feasibility but also the cost-effectiveness of a multifaceted
approach to preserving and restoring the most critical areas of
Louisiana's eroding coastal zone. A detailed overall monitoring plan
coupled with an economic analysis of the costs and benefits of each ap
proach will determine whether the net benefits of such a coastal pro
tection program justify continued expenditures of state revenues. The
program is not intended to reverse the trend of land loss in Louisiana,
but rather is designed only to reduce the overall rate of land loss,
and to restore or strengthen barrier features critical to the mainten
ance of the Gulf shoreline. If these goals can be met, it is expected
that the costs to the state will be more than offset by the benefits to
be gained from preserving the shoreline and restoring or improving wet
land habitats through freshwater diversions.
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Introduction

Over the last 7,000 years, the Mississippi River via the process of
delta switching has built an extensive coastal plain consisting of six
major delta complexes. Two of these delta complexes are active and are
presently building seaward. The other four deltas have been abandoned
by the Mississippi River or its distributaries and are undergoing delta
destruction. Barrier islands in Louisiana (Figure 1) form as a conse
quence of delta abandonment and destruction. With the cessation of
active sedimentation at the mouth of the delta, marine processes erode
the delta front and rework delta sands into barrier beaches. The
barrier beaches are transformed into barrier islands after marsh subsi
dence due to substrate compaction detaches the barrier beach from the
mainland (Penland and Boyd, 1981).

This unique barrier island evolution has resulted in rates of landward
migration ranging from 5-20 m/yr. Since sediment supply is limited and
constantly diminishing in this type of system, migration also results in
decreased barrier island size over time. During the past 100 years,
Louisiana's barrier islands have lost over 40% of their land area with
drastic consequences. The direct effects of barrier island erosion and
land loss in Louisiana are seen in the destruction of commercial and
residential property, the accompanying loss of valuable marshlands
caused by the removal of protective storm barriers, and the intrusion of
salt water into marshland nursery areas diminishing fishery resources
and accelerating land loss. In addition, the territorial waters of
Louisiana are established using the shoreline as the benchmark. As the
barrier islands migrate landward, the ownership of Louisiana's mineral
rights succeeds to the domain of the United States federal government.
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The Louisiana Barrier Island Project was initiated to investigate the
geologic processes that underlie the evolution of Louisiana's barriers,
as well as to acquire the necessary information to use coastal vegeta
tion to retard dune and barrier island erosion. This paper will summa
rize the important aspects of the vegetative study. Although descrip
tive works of barrier vegetation in Louisiana (Lemaire, 1961; Montz,
1977) exist for the various barrier complexes, little data is available
concerning the quantitative aspects of barrier island vegetational
ecology and physiology. A thorough understanding of the physiological
ecology of barrier island vegetation is essential before we can best
manage this important resource for erosion control.

Methods

The following studies were conducted to provide a better understanding
of the vegetative processes occurring on Louisiana's barrier islands:

1) Descriptive investigations of barrier island vegetation were
performed by establishing ten transect profiles at various points along
the coast. These transects, perpendicular to the long axis of the
island, traversed the island or beach. The vegetation was described
using a modified Braun - Blanquet phytosociological scale. Elevations
were surveyed along each transect.

2) A fertilization study was undertaken in a homogeneous swale com
munity by periodic applications of measured amounts of N, P, K combina
tions on one meter square plots.

3) An investigation of the ecology and discontinuous distribution of
sea oats (Uniola panlculata) was undertaken. This involved a field
study of population growth as well as greenhouse experiments to deter
mine the factors important in controlling the distribution of this
plant.

4) In addition, the response and adaptations of four dune and swale
plant species to water stress were intensely investigated. This
included a one year monthly field study, as well as greenhouse drought
stress experiments, and an investigation of root distribution in the
dune soil profile.

5) A dune building and stabilization project was undertaken on
Timbalier Island in conjunction with Texaco Oil Co., and the U.S. Soil
Conservation Service. This involved a mixed planting of three species,
bitter panicum (Panicum amarum), sea oats (Uniola paniculata), and
seaside paspalum (Paspalum vaginatum). Plantings were done in combina
tion with various sand fencing configurations. Rates of sand accretion,
as well as percent survival, were measured.

Results and Discussion

Vegetation transects

Except on the Chandeleur Island chain where the dunes may reach a height
of 5 m, Louisiana's vegetated dunes have a typically low profile, i.e.
1-2 m high (Figure 2). The beach profile gradually slopes approximately
30 m to a vegetated dune crest of 1-2 m, then drops sharply to a heavily
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vegetated swale, and continues to a salt marsh behind the barrier beach.
The beaches are sparsely vegetated, with the foredune and dune typically
vegetated with marsh hay cord grass (Spartina patens), bitter panicum
(Panicum amarum). seaside goldenrod (Solidago sempervirens). seaside
morning-glory (Ipomoea stolonifera). beach tea (Croton punctatus). and
pennywort (Hydrocotyle bonariensis). Interestingly, bitter panicum was
common west of the delta, but absent on the Chandeleurs while sea oats
was common on the Chandeleurs, but occurred only at three locations west
of the delta.

The swale is a low, moist area that is occasionally inundated by high
tides. The vegetation is characteristically more dense with the most
frequently occurring perennials being: three corner grass (Scirpus
americanus), pennywort (Hydrocotyle bonariensis). fimbristylis
(Fimbristvlis spadicea). seaside goldenrod (Solidago sempervirens). and
marsh hay cordgrass (Spartina patens).

Fertilization experiments

Two flat, homogeneous dune sites were chosen for study, and fertilized.
Due to the low elevations and frequent overwash from summer storms these
sites were lost and no data was collected. However, at the time of the
last application of fertilizer, the treatments with high nitrogen
appeared to respond most favorably. One swale area was fertilized and
sampled for above and below ground responses. Here nitrogen appeared to
be the limiting nutrient and gave the greatest growth response.

Dune and swale water relations

Four species found frequently on the dune and swale that were studied
for response to water stress were Spartina patens. Panicum amarum.
Hydrocotyle bonariensis. and Solidago sempervirens. Figure 3 shows that
for pre-dawn leaf water potential as an indicator of water stress,
Hydrocotyle was the least stressed in both dune and swale habitats.
Panicum. the dominant dune grass on large areas of the coast showed very
little stress when compared to the other major grass Spartina, or to
Solidago.

An investigation of the amount of root biomass in the dune profile
revealed that the most roots were present in the top 10 cm, and that 50%
fewer roots were present at the 30-50 cm depth. Soil moisture remained
relatively stable, averaging between 3 and 4 percent in the top 70 cm
(Figure 4). At the 1m depth soil moisture increased to approximately
17 percent and increased continually to the water table at a depth of 2
m. Due to the concentration of roots at the surface, and the distribu
tion of moisture, it is evident that dune plants must rely mainly on
precipitation, and possibly the upward movement of water vapor along a
decreasing concentration gradient in the soil column.

Controlled drought stress experiments in a greenhouse were performed in
order to better understand the response and adaptations of these native
dune plants to water deficits. Spartina patens showed the most toler
ance to water stress of all the plants studied. Decreases in pre-dawn
leaf water potential as well as leaf elongation did not occur until
thirty days after the initiation of the drought stress cycle. Soil
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moisture had reached a low of 2 percent when leaf elongation was slowed,
as compared to 4 percent soil moisture for Panicum and Solidago.
Panicum and Solidago showed less ability to withstand water deficits
with a reduction in growth after only 18 days after watering.
Hydrocotyle. however, exhibited the least ability of all to withstand
extreme water deficits, even though this species was the least water
stressed in the field. At a soil moisture of 6 percent a decrease in
pre-dawn water potential was measured. After only 11 days, leaf growth
had slowed and significant wilting was noticeable at 2 percent moisture.
Rooting patterns on the dune make a significant contribution to the
strategy for success of the plants encountered. Hydrocotyle has a
shallow root distribution with many fine lateral roots from an under
ground stolon. Its roots are located only 10-15 cm below the surface,
thereby enabling it to utilize moisture made available at the surface
from the frequent summer showers encountered in south Louisiana.
Spartina and Panicum have deep roots that are able to exploit moisture
at deeper levels (one meter and below), while Solidago has an inter
mediate rooting pattern.

These studies show that the modes of adaptation to the dune environment
are varied, with the most success exhibited by the deep rooted dune
grasses Spartina and Panicum. Results indicate that the seemingly dry
dune environment provides sufficient moisture for growth and success
depending on the strategies of the plants to acquire sufficient
moisture.

Ecology and distribution of sea oats

The discontinuous distribution of Uniola paniculata or sea oats in
Louisiana was investigated in an attempt to explain the reasons for its
extreme paucity west of the Mississippi delta. East of the delta, on
the Chandeleur Islands, it is commonly found on higher dunes (Figure 2),
while to the west only three isolated populations were located. Monthly
area measurements for a one year period indicated that ground area
increased for each of these populations (Figure 5).

The effect of differences in the dune height (i.e., distance from the
water table) on sea oats growth and water relations was examined through
the use of sand columns simulating dunes. The results of this study
indicate that the low elevations of Louisiana's coastline are probably
not responsible for distribution as far as water availability is con
cerned. However, in relation to overwash and salinity stress, low
elevations may be a significant factor.

Past research has shown that optimal sea oats germination is obtained
when seeds are cold layered at 40°F on moist filter paper for 30 days
before being placed in a 65°F 17 hr - 95°F 7 hr alternating thenno-
period. The need for this cold layering and/or the duration of the cold
layering decreases from north to south (Seneca, 1972; Woodhouse et al.,
1968).

Table 1 shows the results of six different pre-germination treatments
which were placed in a 65°F 17 hr - 95°F 7 hr alternating thermoperiod
for germination. The results indicate that Louisiana sea oats will
germinate significantly faster (Prob > .01) if the seeds are cold
layered moist for either 15 or 30 days prior to germination. Moisture
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seems to be a more important factor than cold temperatures in overcoming
the dormancy mechanisms in Louisiana sea oats.

Seed collections from field populations showed that seed production was
more than an order of magnitude greater on the Chandeleur Islands with a
mean of 9.5 seeds/culm, as opposed to west of the Mississippi delta,
with a mean of 0.2 seeds/culm (Table 2). Germination under optimum
conditions revealed that all the populations sampled had 80% germination
or better, hence, seed inviability should not be a factor in controlling
sea oats establishment in Louisiana.

Timbalier Island re-vegetation project

In May of 1981 a 335 m long, unvegetated washover flat was chosen for
planting. Sand fencing, diagonal and perpendicular to the beach, was
first installed to trap sand and build a small dune. Simultaneously,
5000 native bitter panicum stems were collected and planted along this
stretch of beach for a width of 7.6 m. After six months, survival was
determined to be approximately 75%, with between 8-12 new tillers from
each original stem.

In the fall of the same year, sea oats and seashore paspalum from a
commercial source in Florida were planted. Survival rates for the
seashore paspalum were estimated at 32 percent after seven months and 25
percent for sea oats after six months. Presently, the sand fencing with
perpendicular side spurs has formed the highest dunes, approximately 1
meter, and bitter panicum has proven to be the most successful of the
three species after one year. Over the complete planting site 527 cubic
yards of sand had accumulated during the first six months of the
project.

Summary

Vegetation plays an important role in helping stabilize and reduce
erosion on Louisiana's barrier islands and beaches. The important
aspects of barrier island vegetational ecology and physiology were
investigated in order to better use dune vegetation as a management tool
for retarding erosion.

Vegetation transects and elevation profiles reveal that the dunes are
typically low, less than 2 m high west of the Mississippi delta, but up
to 5 m in height east of the delta on the Chandeleur Island chain. West
of the delta, the typical dominant plants encountered were bitter
panicum (Panicum amarum), marsh hay cordgrass (Spartina patens), beach
tea (Croton punctatus), and seaside morning-glory (Ipomoea stolonifera).
East of the delta, large populations of sea oats (Uniola paniculata)
were encountered with bitter panicum noticeably absent. Low, moist
swale areas had dense stands of grass and sedge species. The dominant
plants were three corner grass (Scirpus americanus). fimbristylis
(Fimbristvlis spadicea), and marsh hay cordgrass (Spartina patens).

Fertilization experiments on dune and swale habitats consisted of N, P,
K applications in varying amounts. Nitrogen was found to be the
limiting nutrient, and elicited the greatest growth response.
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Field investigations of dune and swale plant water relations demon
strated that Hydrocotyle had the best ability to regulate its water
status of the plants studied, and also that Panicum had a more positive
pre-dawn water potential than Spartina. Greenhouse water stress experi
ments showed that Hydrocotyle had the least ability to continue growth
under extreme drought conditions, while Spartina showed the best
response. Rooting patterns reflected the different strategies exhibited
to obtain sufficient moisture, e.g. deep rooting, drought tolerant
Spartina; shallow rooted, drought intolerant Hydrocotyle, and the inter
mediate rooting pattern of Solidago. Investigation of a dune soil
profile revealed that the greatest amount of roots were encountered in
the top 10 cm, while soil moisture increased with depth with the top 10
cm layer being the driest.

The reasons for the discontinuous distribution of sea oats in Louisiana

were investigated in order to help assess its potential as a dune stabi
lizer. It is commonly found east of the Mississippi delta, while only
three isolated natural populations were found west of the delta. The
changes in ground area coverage for these three populations were moni
tored for one year, and were all found to be increasing.

In addition, controlled studies of sea oats using sand columns to simu
late dune height revealed that the low elevations of Louisiana's coast
line are probably not responsible for distribution with respect to water
availability. Seed production from natural populations was more than an
order of magnitude greater on the Chandeleur Islands than on the western
side of the delta, while seed germination was 80% or better for all the
populations sampled. A moist cold treatment was found to be significant
in increasing the rate of seed germination in Louisiana sea oats.

An attempt at revegetation of a barrier washover area on Timbalier
Island was successful in accumulating over 527 cubic yards of sand
during the first six months of this project. Sand fencing was installed
along with plantings of native bitter panicum, sea oats and seashore
paspalum. Thus far, bitter panicum has proven to be the most successful
of the three species.
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and Chandeleur Islands (6).
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over a one year period.
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Figure 5. Increase iu ground area
coverage of three sea oats
populations in Louisiana.
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CAN MOTHER NATURE IMPROVE YOUR BEACH?

Morton Smutz

Ocean Technology and Engineering Services
National Oceanic and Atmospheric Services

Rockville, Maryland 20852

Y. H. Wang

Systems Engineering Department
Texas ASM

Galveston, Texas 77553

On a nice simmer day on a sandy beach, a little boy thrusts
his toy shovel into the wet sand, fills his bucket, and runs back onto
the dry beach and empties It. While he was gone the hole disappeared
so he does it again. Question; How often can he do this? Assume that
he Is tireless as most little boys and can run pretty fast.

The answer to this question is of more than trivial importance
because if he can do this often enough, without 111 effects to others,
he can use Mother Nature to deliver beach-quality sand ashore without
large undue ecological changes. Contrast this type of beach nourish
ment with the usual technique of dredging sand a mile or so offshore
and pumping it to a beach.

A practical man might attempt to answer the question using a
big shovel and wheelbarrow. An engineer might use a drag line and
a truck. A mayor of a seaside resort city might even risk jail 1n
finding a solution. A scientist or coastal engineer would consider
the principles involved, conduct a systematic search of the
literature, and do some experimental work. Let's pretend we are
coastal engineers.

Principles and Literature Review

Now, for a bit of nomenclature, let's refer to Figure 1.

A recent printout of Oceanic Abstracts using the key words
"beach profile" yielded 143 abstracts for the period 1965-1981. A
number of these dealt with what has become known as "Bruun Rules"
based on a 1962 paper, (Per Bruun, 1962), on the effect of sea level
change on beach erosion. See Figure 2.
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In a very recent paper, (Dubois 1982), at the University of
Maryland Baltimore County, has suggested that instead of viewing a
rise In sea level as an active variable that causes beach erosion.
It may be preferable to consider it a passive variable. Thus for the
time scale we are dealing with, let's not be concerned with sea level
rises averaging two to four millimeters per year.

Very comprehensive descriptions of beach processes have been
written by two eminent authorities, (Dean, 1976) and (Komar, 1976).
Both consider the so-called equilibrium beach an idealized concept
that permits a consideration of the changes to a beach that result
from changes 1n environmental factors. Figure 3 shows the character
istics of idealized storm (winter) and swell (summer) beaches.

Dean has carefully examined data from 189 beach experiments
conducted throughout the world by numerous Investigators and has
correlated deep-water wave steepness versus the fall velocity
of sand particles divided by the wave period. Based on this
correlation, Dean developed an equation useful in predicting when to
expect one profile or the other.

If indeed, an equilibrium or pseudo-equilibrium condition exists,
It should be possible to take advantage of that situation. This 1s
routinely done by chemists. For example, 1f nitrogen reacts with
hydrogen to form ammonia, the reaction stops after only a small
amount of ammonia forms because the rate at which ammonia forms becomes
equal to the rate 1t decomposes to hydrogen and nitrogen. The chemist
forces more conversion by removing some of the ammonia. Mother Nature,
a gentle soul, then says "Oh my goodness gracious, I must have forgotten
to produce enough ammonia." Then she makes some more ammonia from the
hydrogen and nitrogen to reestablish equilibrium.

Translating the same principle to our problem, Mother Nature stops
bringing sand ashore under beach-building conditions when the rate of
sand transport shoreward by wave action Is equal to the rate at which
gravity and backwash transports it offshore. We too can get Mother
Nature to help us. In this case we might send a little boy with his
shovel and bucket to the shoreline and have him take sand back to the
dune area. This time Mother Nature says, "For heaven sakes, I must
be losing my mind." Then she replaces the missing sand.

There is a very interesting story how this concept was applied
to a beach problem. A few years ago I wrote a series of 50 short
articles entitled. "About the Beach" and sent them to publishers of
weekly newspapers 1n Florida. I received back numerous requests
from readers wanting more Information. One was a handwritten post
card from a man living in the Miami area who also Invited me to drop
1n to see him when I was in the area. I did so and found that he
was a retired chemical engineer from a major drug firm. He had
been very observant of beach phenomena for many years and was well
aware of the processes by which sand moves on and off shore. By
the end of our discussion we had conceived an experiment for testing
this principle and he, Mr. John Davenport, had agreed to fund the
test at the University of Florida. Moral; it sometimes pays to
answer your mall.
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A search of the literature found no references to a study of
this kind nor to a discussion of the concept. The recognized experts
in the field of coastal engineering had either considered the concept
and dismissed It, or had overlooked it.

The Initial experiments were conducted 1n a wave tank 36' x 45'.
The yield of sand by periodic scraping a thin layer of sand from the
berm greatly exceeded our expectations even though only waves one-
Inch high were used. This led to a second study In a wave tank
50' x 75' under more carefully controlled conditions. A paper
based on this work was published in Shore and Beach. Mark Leadon and
John Griffith were the graduate students who got their hands dirty.
Dr. Y. H. Wang was their major professor and research advisor.
Mr. John Davenport and I occasionally peeked over their shoulders.

The wave tank results were very encouraging, and we are very
anxious to see a field study conducted to see how well the technique
works on an actual beach.

Proposed Field of Study

Figure 4 Is a diagram of a beach that we can use to discuss how
such a study might be conducted.

Questions arise concerning the length of beach required, the
length of time needed for the study, and the most appropriate
method for removing the sand. All of these factors have been
considered, but the actual method of conducting the experiment will
depend upon the site available.

Answers

But,J?J!s return t0 the question of this little boy and propose
some possibilities.

#1 No single correct answer can be given.

Discussion. It 1s recognized that the quality of sediment
on a beach is highly variable and may consist of fine sand,
shells, cobble stones, or nearly pure beer cans. The shore
area can vary from fine clay to quartz, and may be covered
with marsh grass. The bathymetry may vary from vertical
cliffs to gently sloping beaches. Tides can vary from
0 to 70 feet. The weather can vary from complete calm to
hurricanes. There may be no sand off shore or there may be
a copious amount. No single correct answer Is possible.

#2 Under some conditions It may be possible for the little
boy to make many trips, but there 1s a finite limit to
the amount of sand he can or should remove.

Discussion. True. There is a finite limit. If too much
sand is removed, there may be 111 effects elsewhere.
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#3 If Mother Nature improves your beach, with the help of little
boys or the equivalent, she must necessarily do so at the
expense of someone else's beach.

Discussion. This does not necessarily follow. When the
experiment was carried out in the wave tank using tracer
sands of various colors it was found that sand came from all
offshore locations. Thus, 1t may be possible, under some
conditions, to bring a large amount of additional sand ashore
at one location without noticeable effects at any other location.

Conclusion

Now, let's address the question posed 1n the title of this talk,
"Can Mother Nature Improve Your Beach?"

Answer. Nobody knows for sure. If someone really wants to
know. Dr. Y. H. Wang, now at Texas A&M (Galveston) 1s ready, willing
and able to conduct the field experiment to determine if this technique
can assist Mother Nature nourish a beach.

We who have been close to the project believe that the concept
has merit and could be incorporated In regular beach maintenance
procedures although a vehicle with a blade or scoop might be more
appropriate than the little boy with his shovel and bucket.
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Dune

Beach

or

Shore Area

Offshore

Dune — Sand hill, caused by wind.
Scarp — Low steep slope, caused by wavo erosion.
Berm — Horizontal area in foreshore, formed by

sand deposition.

Breaker — Collapsing waves, caused by reduced waterdepth.

BEACH NOMENCLATURE
FIGURE 1

Dune' Beach
Breaker Zone

Final Sea Level

Initial Sea Level

-i-Finai Bottom Level
-r-lnitial Bottom Level

1. Foreshore is displaced landward.
2. Volume eroded = volume deposited nearshore.
3. Elevation of nearshore bottom = S.L. rise.

PER BRUUN "RULES" FOR SEA LEVEL RISE

FIGURE Z
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Assume
120 ft

Summer (Swell) Profile
Winter (Storm) Profile

IDEALIZED BEACH

riGURE 3

Sea Level

Dune Line

Berm Line

Shoreline

Assume Assume
1200 fL 1.Volume of sandbrought ashore per foot of shore

equal 1.0 inch per beach width and beach is 120
ft from shore to dune.

-L 2. Sand comes uniformly from offshoreregion 1200
ft wide.

120'x^=1200 x^j

PROPOSED FIELD TEST

FIGURE 4

246


